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ABSTRACT 



The object of this study was to obtain data relative to the close- 
in ground level airborne and fall-out hazard associated with each de- 
tonation in Operation JANGLE. For this purpose samples of the aerosol 
and fall-cut were obtained from 46 stations located between 4000 feet 
upwind and 50,000 feet downwind. Several types of instruments were 
used in this study; filter samplers, cascade impactors, conifugea, par- 
ticle separators, electrostatic precipitators, Broolchaven continuous 
air monitors, Tracerlab continuous air monitors and fall-out trays. 

The concentration of beta activity In the eloud near ground zero 
a few minutes after the shot was found to be approximately 10-3 and 
10-1 microcuries per oublo oentlmeter for the surface and underground 
shots respectively. The number median diameters of the particles in 
the surface and underground shots were 1.0 and 1.5 microns respectively 
at stations 4000 ft. downwind, decreasing in both oases to less than 
0.1 miorons at 50,000 ft. Data were also obtained on the variation of 
activity with particle size, as well as the percentage of the number 
of particles which wore radioaotive for both the aerosol and the fall- 
out. In addition, a study of fractionation and its manifestations was 
made. 
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CHAPTER 1 



INTRODUCTION 

1.1 OBJSCTIV5 

The primary objective of Project 2.5a was to conduct a study 
of the airborne particulate matter resulting from a surface and under- 
ground detonation of a nuclear weapon and to determine the following! 

1. Concentration of radioactivity in the aerosol and its 
variation with distance from ground zero. 

2. Variation of radioactivity with particle-size. 

3. The variation of the particle-size distribution with 
distance from the point of detonation. 

4. Total particles which are radioactive as a function of 
particle size. 

Secondary objectives of this project were to study similar 
factors for the fall-out (factors which are inseparable from the 
aerosol) and the phenomenon of fractionation 1 for both. 

An indirect objective of the project was to evaluate the field 
performance of the several instruments employed. 

1.2 HISTORICAL 

Chemical Corps results from SANDSTONE 2 derived from the cascade 
impactor indicated a predominance of particulate matter in the range of 
0.1 to 0.U micron diameter, with some material in the range 1 to 10 
microns. The long sampling period and the large integrated sample col- 
lected left doubt as to the accuracy of the particle size measurements 



J These and certain other terms used in this report are defined in 
Appendix A. 

2 Bernard Siegol, Cdr H. L. Andrews, USPHS, and Raymond E. Murphy, 
Particle Size of Material in Cloud, Operation SANDSTONE, Taek Group 
7.6, Project Report, Project 7.1-17/RS(CC)-9, 30 June 1943. 
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of the active particulates, tracer lab results from SANDSTONE ^, 
derived from filters, indicated that in the frequency vs. particle 
size graph the mode occurred between 4 and 6 microns for part: cles in 
the range of 2 to 10 mocron diaoeter. The limit of resolution of the 
technique was approximately 1 micron, thus no observations were made 
on particles les3 than one micron diameter. 

Chemical Corps results from Operation GREENHOUSE derived 
from the cascade impactor indicated that cloud samples taken at 16,000- 
25,000 feet had a median size of approximately 0.3 micron. Tie results 
from the U. S. Naval Radiological Defense Laboratory derived from the 
electrostatic precipitator on this same Operation indicated a madian 
particle size of 0.15 microns. 

In June, 1950, the Joint Chiefs of Staff directed the test of an 
underground and surface nuclear detonation. The Armed Forces Special 
Weapons Project requested the Chemical Corps to submit proposals for 
participation in the test. As a result, Project 2.5a was developed to 
conduct airborne particle studies on the aerosol resulting from these 
bursts. Because of the large amount of ground contamination expected, 
these tests provided an opportunity to determine whether there is a 
correlation between particle size, isotopic content and decay rate, 
and to evaluate the internal hazard associated with these types of deto- 
nations. 

1.3 AEROSOL SAMPLING 

It may be safely said that the sampling of particulate aerosols 
is a field characterised by instrument design difficulties. And this 
is particularly true of sampling aerosols containing large particles; 
a condition which is produced by the detonation of atomic weapons near 
to or under the surface of the ground. 

The difficulties, roughly, are two-fold. First, is the problem 
of introducing the particles into the sampling apparatus without preju- 
dice with respect to particle size. This is the problem of obtaining 
isokinetic flow into the sampler. The second problem is to remove the 
particles from the air, again, without selecting for or against differ- 
ent sized particles. This problem is usually aggravated by the desire 
to remove the particles in such a manner that they nay subsequently be 
subjected to size msasurements or other types of analysis. 



3* Report on Analysis Results and Conclusions Relating to Test Joe, 
December 1950, Dopartrcent of the Air Force Contracts with Tracerlab, 
Inc., 130 High St., Boston, Mass. 

4 GREENHOUSE 6.1 Report. Unpublished. 
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Jig. 3.2 Underground Shot Station Layout 
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Fig. 4.1 Lines of Equal Concentration of Activity, Surface Shot 
Activity Corrected to H 1 Hours, Sampling Tjjne 115 
Minutes . 
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Fig. 4.2 Lines of Equal Concentration of Activity, Underground 
Shot. Activity Corrected to H ♦ 1 Hours, Sampling 
Time 115 Minutes. 
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very difficult to use considering tho largo nurier of points involved 
and the fact that parallel linos are to to drawn. 

Having obtained sufficient information about the indi- 
vidual jet samples, it was necessary to combine the data from each set 
of 5 jets to obtain the size distribution of the oloud. An area cor- 
rection factor was obtained for each jet by dividing the impaction area 
of the jet by the area counted. The number of particles in each sice 
group (class interval) was multiplied by the area factor and the result- 
ing number represented the total number of particles in eaoh class in- 
terval collected by the jet. An integrated set of fifth class intervals 
covering the entire size range studied (0.02-100 microns) had been for- 
mulated, and the individual jet data were fit to these class intervals 
on a sub-size basis. The number falling in each class interval was 
found by adding the contributions from each jet; a table of data and cal- 
culations similar to those for the individual jets was made* Prom the 
data thus obtained, four oycle log-probability plots for the entire cas- 
cade impaotor were constructed, from which the parameters tabulated tab- 
ulated in Table 4.7 and 4.8 were taken. Pig. 4*10 is an example of such 
a graph. It should be noted that the parameters listed in the tables 
permit reconstruction of the straight lines in any desired plot. 

4.2,? Pilte r Sampler 

The filter papers from the filter samplers at stations 
29,30 and 129,130 were analysed by Tracerlab for particle sire distribu- 
tions. The results are reported in Appendix E. 

4.2.3 Fall-out Tray 

Of the twenty fall-out trays employed in eaoh shot, one 
tray in the surface ahot and twenty in the underground shot oolleoted a 
*eighable sample of the fall-out material. The former and eight of the 
latter contained sufficient material to permit a sieve analysis, while 
'our of the latter passed sufficient material through the last (37 mi- 
cron) sieve to permit further separation by means of a Roller Analyzer, 
^g* 4.11 shows the mass of the material collected on the trays plotted 
•gainst distance grom ground zero, while Pigs. 4.12 through 4.15 show 
the particle size distributions obtained from the four stations that were 
Put through the sieve analysis and Roller Analyzer. 

The sieve analysis consisted of sifting the samples through 
* column of U. S. standard sieves shaken by a Rotap machine. This machine 
operated for 5 minutes on fractions greater than 1410 miorons, and 
ten minutes on smaller site fractions. In the case of four stations 
*ntre more than grams of material was found to pass the last screen, 
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5 10 19 20 25 

DISTANCE FROM GROUND ZERO (10* FEET) 



Fig. 4.31 Mass of Material Collected by the Fall-out Traya 
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further fractionation was accomplished with the Roller Analyzer. This 
machine separated the renaininj sieve material into the size fractions 
0-4, 4-8, 8-16, and 16-37 microns ar.d the fractions were weighed on 
an analytical balance. 

The basic data obtained in this technique, then, is the 
w-^i^ht associated with the various particle si26 fractions, which may be 
ter-ed the weight distribution of the fall-out sample. A specific grav- 
ity of 2.7 was assumed for all particles, and from the weight distri- 
bution the area distribution as well as the size distribution has been 
computed. It was also assumed that all particles on a given sieve were 
of a size equal to the average pore si2e of that sieve and the next 
higher. All particles were treated as spheres in the calculations. 

4.2.4 Pre-Shot Soil Analysis 

The particle size distribution of the soil at the test 
site was determined on six samples taken at five foot depth intervals 
from a location near the underground shot zero point. These samples wore 
analyzed by the method described in par. 4.2.3; the data are presented 
in Figs. 4.16 and 4.17. 

4.3 RADIOACTIVITY AS A FUNCTION OF PARTICLE SIZE 

4.3.1 Cascade Impactor 

The activity in the aerosol as a funotion of particle size 
was determined from the cascade ircpactors by measuring the activity on 
•ach slide and plotting these data against the particle size impacted on 
the slide. 

The data are tabulated in Tables 4.10 and 4.11 for the sur- 
face and underground shots respectively. The activity on each slide, 
corrected to H/l hours, is shown in column 4, while the HMD, the measure 
°f the size of particles on that slide, is shown in column 3. The latter 
data were taken from Tables 4,7 and 4.8. Column 7 shows the specifio 
activity of the particles on each slide as computed by dividing the act- 
ivity on the slide by the mass of particles on that slide. The latter 
*«re obtained by multiplying the "total mass" on each jet in Tables 4.7 
*ad 4.8 by TTf /6, where f . 2.7xl0-l2g ra ms per cubic micron. 

A description of the procedures used in malting the act- 
ivity measurements is given in par. 4.1.4. 
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TABLE 4U0 

Surface Shot Activity Measurements on the Cascade Impactor 







Number 


Activity on 


) 

Percentage 


Mass of 


Specific 


Statior 


i Jet 


?<Tedian 


Jet at 


of Total 


Particles 


Activity 


No. 


Mo. 


Diameter 


H / 1 Hra. 


Caa. Imp. 


on Jet 








(microns) 




Activity 


(grains) 


gram 


13 


1 


2.0 


3.7 X 10"* 


13. 


1.9 x 10" 4 


1.9 


13 


2 


0.67 


2.2 x 10"3 


80. 




- 

2.3 x 10* 


13 


3 


0.45 


1.9 x 10" 4 


7. 


8.3 x 10" 7 


23 


1 


0.19 


7.5 x 10~ 4 


40. 


7.4 x 10 4 


1.0 


23 


2 


1.6 


1.1 x 10"3 


59. 


A.6 x 10~4 




23 




2.1 


2.5 x 10-5 


1. 


2.1 x 10-6 


1.2 x 10 1 


25 


1 


2.7 


1.1 x 10~ 4 


51. 


2.1 x 10 4 


5.2 x 10" 1 


25 


2 


2.2 


6.7 x 10 - 2 


32. 


3.3 x 10-5 




25 


5 


0.44 


3.6 x 10~ 5 


16. 


7.6 x 10" 7 


4.7 x 10 1 


26 


1 


6.3 


2.7 x 10" 4 


3. 


7.1 x 10~5 


3.8 . 


26 


2 


1.0 


4.4 x 10-3 


a. 


3.2 x 10"? 


1.4 x 10* 


26 


3 


0.50 


4.3 x 10*3 


44. 


4.0 x 10"? 


1 .2 x 1C>3 


26 




0.32 


7.0 x 10~4 


6. 


1.6 x 10" 6 


4.5 x 102 


26 


5 


0.09 


6.3 x 10-4 


6. 


1.5 x 1CT 7 


4.3 x 103 


30 


1 


0.9 A 


7.0 x 10-4 


2. 


2.3 x 10** 4 


3.0 


30 


2 


1.4 


9.0 x 10"*;J 


32. 


6.7 x 10*7 


1.3 x 103 


30 


3 


1.0 


1.4 x 10"? 


43. 


2.4 x 10-o 


5.7 x 10? 


30 




0.64 


3.2 x 10"i 


11. 


7.3 x icr 7 


4.4 x 103 


30 


5 


0.05 


1.9 x 10"* 3 


7. 


5.6 x 10-9 


3.4 x 105 


35 


1 


3.C 


1.6 x 10"3 


6. 


3.6 x 10-4 


4.4 


35 


2 


2.1 


5.5 x 10" 3 


22. 


3.3 x 10-5 


1.7 x 10 2 


35 


3 


1.4 


1.2 x 10~ z 


43. 


4.7 x 10"° 


2.6 x 103 


35 




0.33 


5.2 x 10-3 


21. 


1.3 x 10- J 


3.9 x 10?, 


35 


5 


0.10 


7.0 x 10~ 4 


3. 


9.1 x 10" 8 


7.7 x 10* 


40 


1 


1.5 


1 .8 x 10-4 


3. 


6.9 x 10-5 


2.6 


AO 


2 


1.9 


2.1 x 10"3 


35. 


2.5 x 10-" 


8.5 x 10* 


AO 


3 


1.5 


1.3 x lo" 3 


30. 


1.9 x 10-° 


9.1 x 10* 


AO 


A 


0.71 


1.2 x 10"3 


20. 


9.7 x 10"* 7 


1.2 x lOf 


AO 


5 


0.03 


7.0 x 10-4 


12. 


1.4 x 10"° 


1.6 x 10 4 
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TABL2 4 .11 

Underground Shot Activity iteas'ireinenta on the Cascade Iiepactor 







Number 


Activity on 


Percentage 


Mass of 


Specific 


Station 


Jet 


Madian 


Jet at 


of Total 


Particles 


Activity 


No. 


No. 


Diameter 


H /lHrs. 


Cas . Imp . 


on Jet 


J1C 






(nucrona; 


0*c) 


Activity 


(grama) 


gram 


113 


1 


0.91 


1.4 x 10-f 


8. 


5.4 x 10"5 


2.6 . 


113 


2 


1.3 


5.4 x 10""** 


32. 


2.2 x 10" 6 


2.4 x 10 2 


113 


3 




3.5 x lcrf 


20. 






113 


4 




3.5 x 10-*> 


20. 






J 13 


5 




3.4 x lir 4 - 


20* 






114 


1 


1.7 


9.9 x 10"4 


13. 


1.3 x 10-f 


7.9 


114 


2 


1.4 


2.9 x 10"^ 


39. 


1.4 x 10-° 


2.0 x l0-> 


1U 


3 


1.0 


1.5 x 10"^ 


19. 


6.9 x 10-7 


2.1 x 10? 


114 


4 


0.74 


1.3 x 10" 3 


17. 


6.1 x 10-7 


2.1 x 103 


114 


5 




8.5 x 10~4 


12. 






3.15 


1 


3.3 


2.8 x id"* 


78. 


6.2 x 10-6 


4.4 x 10 2 


115 


2 


1.7 


2.3 x 10"* 


7. 


2.5 x 10" 5 


9.1 


115 


3 




1.2 x 10**f 


3. 






115 


4 




1.7 x 10-* 


5. 






115 


5 




2.5 x lO-^ 


7. 






U9 


1 


1.1 


7.8 x 10-f 


44. 


5.9 x 10"f 


1.3 x loj 


119 


2 


1.0 


2.8 x 10*7 


16. 


1.5 x 10-6 


1.3 x 10 2 


119 


3 




4.4 x 10"? 


24. 






119 


4 




2.2 x lO**? 


12. 






119 


5 




7.0 x lO"-' 


4. 






124 


1 


0.81 


1.7 x 10"f 


9. 


5.2 x 10" 6 , 


3.3 x 10* 


124 


2 


1.2 


8.5 x 10~? 


46. 


9.3 x 10" 7 


8.7 x 10 2 


124 


3 




6.2 x 10"*} 


34. 






124 


4 




1.9 x 10"** 


10. 






124 


5 




2.2 x 10-5 


1. 
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TXRLB 4.U 



Underground Shot Activity Measurements on the Cascade Impactor 

(Contd) 



Station 
No. 



Jet 
No. 



Number 
Indian 
Diameter 
(microns) 



Activity on 
Jet at 
H + 1 Hrs. 
(mc) 



Percentage 
of Total 
Cas. Imp. 
Activity 



V3.33 of 
Particles 
on Jet 
(grama) 



Specific 
Activity 

gram 



125 
125 
125 
125 
125 

126 
126 
126 
126 
126 

132 
132 
132 

135 
135 
135 
135 
135 

140 
140 
140 
140 
140 



1 

2 
3 
4 
5 

1 

2 
3 
4. 
5 

1 

2 
5 

1 

2 
3 
4- 
5 

1 

2 
3 
4 
5 



1.9 
0,68 



2.5 
1.4 
0.18 

0,49 
0.70 
1.12 
0J.4 
0.053 

1.26 
0.81 
0.73 
0.18 
0.12 



5.6 
9.5 
6.7 
3.2 
8.3 

3.1 
3.2 
7.7 
7.2 
3.5 



io-4 

10 -l 

io~4 
10-5 

lo : 5 5 
10-5 

io -i 

10 * 
10-5 



1.9 x 
1.3 x 10' 
4.3 x 10-5 



-5 



9.5 
6.1 
1.8 

1.5 
6.0 



Vf* 
10-5 

10-* 

10-5 



1.7 x 10-4 

9.5 x 10*"^ 
1.4 x 10-3 
4.9 x 10-4 

1.6 x 10-4 



50. 

8. 

6. 
29. 

7. 

5. 

6. 
14. 
13. 

62. 

24. 
22. 
54. 

25. 
16. 

5. 
39. 
15. 

7. 

4. 
60. 
22. 

7. 



2.6 x 10"4 
2.5 x 10"° 



1.3 x 10 j? 

1.1 x 10"T 

4.2 x 10" 8 



1.1 
l.S 
1.1 
1.9 
1.2 



x 10-5 

x 10~5 
x 10" 6 

x 10"* 3 



io :| 



3.0 X 
2.6 x 

1.2 x 10 

2.3 x 10-Z 



-6 



2.1 , 
3.3 x 1CT 



3.0 x 10" 



8 



1.4 




1.7 


X 


1.0 


X 


8.5 




3.4 


X 


1.6 


X 


7.8 


X 


5.0 


X 


5.6 




3.6 


X 


1.1 


X 


1.7 


X 


5.3 


X 



id 



x 3 
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PARTICLE SIZE U (MICRONS) 

Fig. ^.20 Cunulative Percent Activity as a Function of Particle 
Size, Station 133, Underground Shot, Conifuge Data. 
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TABLE 4.12 

Specific Activity Corrected to H^l, of Fall-out. 
Underground Shot 



Particle Size 
(microns) 


Station 103 
(10 uc/gm) 


Station 107 
(10 \ic/gm) 


Station 114 
(l0"*uc/gm) 


Station 120 
(lCPuc/gm) 


2 


51. 


36. 


28. 


48. 


6 


30. 


26. 


19. 


24. 


12 


14. 


19. 


10. 


19. 


24 


10. 


12. 


8.5 


17. 


34 


7.5 


8.7 


8.6 


11. 


40 


16. 


10. 


12. 


16. 


48 


17. 


10. 


8.8 


11. 


53 


24. 


8.4 


6.2 


11. 


68 


12. 


9.1 


7.6 


8.3 


81 


13. 


7.2 


7.8 


5.7 


96 


11. 


15. 


1.0 


6.5 


115 


26. 


13. 


13. 


11. 


137 


42. 


17. 


22. 


14. 


163 


44. 


23. 


22. 


16. 


194 


48. 


25. 


32. 


19. 


230 


48. 


27. 


34. 


30. 


274 


71. 


115. 


35. 


32. 


358 


7T. 


33. 


41. 


39. 


460 


43. 


32. 


39. 


22. 


545 


69. 


43. 


46. 


30. 


650 


80. 


64. 


40. 


43. 


775 


38. 


72. „ 


44. 


52. 


1500 


360. 


18 x 10" 2 


51. 


25. 
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employed, and the senior was preset for a cumulative count of 4096 for 
each sample. A Tracerlab R-lla circulated ? 32 source was used as a 
reference standard for absolute beta counting. Ran^e curves in alum- 
inum were run for the standard and several fall-out samples to deter- 
mine correction factors for air path and window loscos. Back scatter- 
ing and possible collodion absorption corrections were not attempted. 
All activity measurements were made between 1000 and 2000 hours after 
the shot and were corrected to H-1O00 by means of individual decay 
curves obtained on each sample. The NIH decay curves described in 
par. 4.1.1 were used to correct all fractions from H/lOOO hours to H/l 
hour. 

4.4 PERCENTAGE OF RADIOACTIVZ PARTICLSS 

4.4.1 Cascade Impaotor 

The number of active particles on each of the five slides 
from the cascade impactore at stations 123 and 130 was determined by 
means of a radloautograph technique. Since the particle else analysis 
of the cascade irapaotors (par. 4.2.1) yielded the total number of par- 
ticles per 6lide, the percentage of radioactive particles could be de- 
termined. The data are presented in Figure 4.30. 

The radioautographs were made after the particle size 
measurements were completed since the emulsion on the slides would have 
interfered with the electron microscope particle Bize analysis. Eastman 
Kodak Company type NTB stripping film was cut to sire and cemented over 
the sample area of the slide. Development of the film was carried out 
as recommended by Eastman Kodak Company. The radioautographs were then 
examined by means of a microscope to determine the number of particles 
with associated activity. The slides from station 1 23 were exposed from 
H/1704 to H/2208 hours; station 130 slides from H/1704 to H/2016. Al- 
though other slides were exposed for an even greater length of time, too 
few of the particles on each slide were sufficiently active to provide 
reliable results. 

4.4.2 Fall-out Tray 

The site fractions of the fall-out from stations 103 and 
120 of the underground 6hot vore analyzed by a radloautograph technique 
to determine the percentage of radioactive particles. The data are pre- 
sented in Fig* 4.31. The size fractions were obtained from the sieve 
analysis described in par. 4.2.3, and the radloautograph technique is 
described below. 
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After sone experimentation, a number of procedures for 
de'.erminlng the percentages of radioactive particles were developed* 0 
for various size ranges. These were as follows: Method No. 1 approxi- 
KAt-jly 150 to 850 microns. In this method, Kodak NTB Autoradiographic 
Stripping Filn was employed to distinguish active particles. This 
arulslon was stripped frcm its oellulose backing, relaid emulsion side 
do.m on its backing and lightly fastened to it with strips of tape. 
Tho fractionated sample was distributed over tha back side of tho emul- 
sion by means of a spatula and tho partioles were affixed by coverir.'- 
with a Duco cement solution (one volume of cement to four of acetone*;. 
After drying, the strip film was reversed and retaped to the support. 
The film was stored in a light-tight box for a three to four day ex- 
posure. The exposed film was developed with DuPont x-ray developer, 
fixed, washed, and dried and again removed from its support and fast- 
ened to a olean glass slide over millimeter graph paper for examination 
and counting with a stereomicroscope. Black areas were observed above 
each radioactive particle while the inactive ones did not affect the 
eir.ulsion. The intensity of blackening appeared somewhat variable and 
occasional difficulty was experienced when only a small spot was evident 
or when only a portion of the particle appeared to be active or when 
the emulsion appeared fogged or grey rather than intense black. In 
doubtful cases the particle was considered to be radioactive. A number 
of these "doubtful" active particles were picked up and were found in 
•very case to be radioactive when held in front of the window of a G-M 
tube counter. Thus the assumption that all "doubtful" particles were 
•ctive appears to be justified. Considerable wrinkling of the strip 
film was experienced but this does not interfere with the method. Be- 
low approximately 150 microns the method becomes irapractioal due to 
difficulties in ascertaining the nature of many particles. 

Method No. 2, approximately 16 to 150 microns. Kodak 
»T9 Nuclear Track plates softened for 10 to 15 seconds in warm water 
(50 C) were utilized in this procedure. The sire-fractionated parti- 
cles were distributed over the moist plates in the same manner as in 

first method and the plates with their adhering particles were al- 
lowed to dry and expose for two to three days in a light-tight box. 

plates were developed with careful agitation so as to avoid displace- 
m «nt of the imbedded particles. Examination of the plate with a 
•Weomicroscope revealed the radioactive particles over their assoc- 
iated darkened area on the film. (See Pig. 4.32) 



Malcolm G. Gordon and Benjamin J. Intorre, "Some Techniques Applic- 
able to the Study of ABD Fall-out", CRL Interim Report No. 137, 
14 Mar 1952. 
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Fig. 4.32 Station 103 Fall-out Particles (74-88 u) 
on an NTB plata showine the film darken- 
ing around two radioactive particles. 
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Ac a check upon tho agreement of tho two methods, the 
p°rcent^ge of radloeotlvc particles in a 240 to 420 micron range sam- 
ple v/as determined. Results of 16.7 and 17.7 per cent were obtained 
for the strip-film and the plate methods respectively. 

Method No. _3, approximately 8 to 40 micronr. Inasmuch 
as the smallnr particles tended to agjl omerate , the second method was 
irodified for the lowest particle size ranges so that the sample was 
dropped into a swirling inch of hot water (50°C) in a battery jar. 
After suspension of the particles an NTB plate was submerged and after 
approximately 30 seconds removed, dried, exposed for four or five days 
and then processed in the usual manner. Particle counting; waa most 
easily accomplished in the range of 8 to 40 microns by visually count- 
ing the radioactive particles in a given area with a light background 
and then photographing the same area with a dark background. The to- 
tal number of particles could be conveniently oounted on the print. 

4.5 STUDY OF FRACTIONATION 

4.5.1 Radiochemlstry 

The study of fractionation included radiochemical analy- 
«is of many JANGLE samples obtained from various types of instruments 
which were located at a number of different stations. Sr89, Zr95, 
Vo99, AgUl, CdllB, Bal40 ( ce**'*, and Ce™* , were determined on four 
fllter papers from the underground shot, and Zr 95 and Mo" were deter- 
mined on a horitontal ointment plate from the surface shot. These 
data are tabulated in Table 4.13 as counting rate ratios (at zero time) 
*lth respect to Mo" (an allegedly non-fractionating nuclide). Ag 1 *!/ 
Ral40 and Aglll/Cdll5 ratios have also been tabulated because of their 
•Fecial interest. 



In addition, the large quantities of fall-out oollected 
"rom the underground shot at Operation JANGLE provided a unique oppor- 
cfto^ *° P er ^ orm radiochemical analyses upon size-graded particles. 
Sr89 ( Zr 9fi^ Bal*O f an d Cel44 wer e determined on a number of different 
Particle site fractions of fall-out collected at stations 103,107,114, 
*ad 120. These data are tabulated in Table 4.14. Mo" was not deter- 
mined because the decision to make the fall-out analysis was not made 
Until »ome weeks after the shot. The nuclide activity per unit mass of 
radioactive material was calculated by dividing the nuclide activity by 
l ne mass of active particles in each fraction. The latter wa6 deter- 
mined by applying the data of par. 4.3.3 to the measured mass of each 
faction. These data are tabulated In Table 4.15 and will be used in 
th e discussion in par. 5.5. 
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The fission products separations wore carried out essen- 
tially by tho methods compiled by Coryell and SugarmanH as modified 
by J-ll Group, Loa Alamoa Scientific LAboratory. The only important 
modification wae the determination of silver as iodate rather than io- 
dide. Tho fall-out samples were run in duplicate, the others in quad- 
ru;jl icata , 

In order to provide a basis for comparison vlth other 
laboratories, radiochemical analyses were performed on an irradiated 
0*235 sample for each of the fission products listed above with the ex- 
ception of Cd^ 5 and Co 14 *. The sample consisted of 14.8 milligrams 
of enriched uranium foil irradiated to 9.3xl0 13 fissions in the Brook- 
haven pile. 

Filter paper samples were digested by treatment with fum- 
ing nitrio, perchloric, and hydrofluorio aelda by the procedure des- 
cribed by Spence and Bowmanl2. i'he M-6 ointment was removed from the 
aluminum plate with facial tissue and digested by the same procedure. 
It was necessary to ropoat the digestion to effect complete solution* 
The fall-out samples were fumed successively with perchloric and hydro- 
fluorio aaids and taken up with hydrochloric acid. 

Samples were mounted in a reproducible geometry system 
on 3-l/4x2-l/2xl/lS inch aluminum cards. In the case of Mo, Cd, Ag, 
9a, and Sr the final precipitation was carried out by the glass chimney 
*nd Hirsch funnel teoJinique, which confined the precipitate to a de- 
fined area on the filter paper. Ce and Zr precipitates were tapped out 
of the ignition crucibles into counter ores in the aluminum cards. Sam- 
ples were covered with either 3.8 mg/cm2 of cellophane or 0.45 mg/cm2 
of rubber hydrochloride. Ce* 4 * was counted face down and hence through 
217 ag/cm of aluminum. 

Each mounted sample was oounted for deoay with a thin mica 
ead-windctr G-M tube and conventional scaler unit until a satisfactory 
<5urv 8 wa g obtained or the aotivity became too low, whichever occurred 
first. The counting rates were measured to 0.95 errors*' of 2-5% for the 



c « D. Coryell and N, Sugar-man, Radiochemical Studies t The fission Pro - 
duct?.. McGraw-Hill Book Co., Hew York, N. Y. 

W. Spence and M. G. Bowman, "Radiochemical Efficiency Results of 
Operation SANDSTONE", SANDSTONE Report 10, Appendix A, Los Alamos Soi- 
•ntifie Laboratory, March 25, 1949 

l »e., We are 95% certain that the statistical error in counting is not 
greater than the listed per cent. 
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plate. Spread* 14 fer rapes teji analyses on the si*e-graded fall-out 
were within 5% tor the £al40 and 1jr89 and f«*i 10-20% for Cel44 and 
Zr95, The spread* for the filter paper and odataoent plate work were 
aleo 10-20JC 

The actlrlty was read frea the snoothed deoay curve 
at an arbitrary tine and oorrected to *ero tine. Four different G-M 
tubes, eross-o&llbrated with samples of each fission product, were 
used, and all data were corrected to the earns tube. Data were fur- 
ther corrected to 100% chemical yield, first shelf and tero added 
absorber. Mo corrections for coincidence were required nor were cor- 
rections made for self-absorption and self-scattering since time did 
not permit preparation of correction curves. This error was insig- 
nificant except in the case of some strontium samples where the chem- 
ical yields were extremely high. The correction even here would be 
less than 5%. The aluminum mounting cards provided saturation back- 
scattering. Corrections to zero added absorber were based on absorp- 
tion curves in Coryell and SugannanlS. Barium activities were cor- 
rected for growth of lanthanum activity as indicated by Pinkie and 
SugarmanlS. 

4.6.2 Aotlvity of the Radioactive Partioles as a Function 
of Partlole Site" 

In the study of fractionation it is of interest to deter- 
mine the aotlvity of the radioactive particles as a function of their 
size, surface area, and mass. The analysis of the Bice-graded fall- 
out samples at stations 103 and 120 of the underground shot for activ- 
ity and per cent active partioles offered an opportunity to determine 
these quantities indireotly. The results are presented in Figures 
4.33 through 4.35. 

The following prooedure was employed! The peroent ac- 
tive particle data (par. 4.4.2) in each fraction were applied to the 



14 The spread was obtained by dividing the difference between the ex- 
tremes by the mean. 

16 Coryell and Sugarman, op. clt. # Book 2 
l«Ibid., p. 1123 
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specific actWity of that fraction (par. 4.3.4), giving tha specific 
actirity of the active particles of the fraction (assuming all par- 
ticles in vhe fraction had the same weight). Making the further 
assumption that all particles in the fraction had the same density and 
shape, the activity per unit active particle surface area, and the act. 
ivity per active particle were calculated. A specific gravity of 2.7 
was assumed, and all particles were assumed to be spherical in shape. 
The size of particles in a given size fraction was taken to be the aver- 
age of the pore size of the sieve on which the particles were fo^nd and 
the pore size of the sieve directly above. 

4.6.3 Decay Rates 

It was expected that fractionation would manifest itself 
by a variation in deoay rate with particle site. To investigate this 
possibility, the activity measurements on the size fractional fall- 
out at stations 103,107,114, and 120 were continued from about H/lOOO 
hours to approximately H/2000 hours. The resulting activities were 
plotted as a function of time on log-log oaper and a straight line was 
fitted to them by the method of least squares. The sloDes of these 
lines are presented in Table 4.16. The data for station 120 is presented 
in graphical form in Figure 4.36. 
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TABLK 4.16 

Decay Slopes (Between H/lOOO and 2000 Hours) of Siz 
Graded Pall-out Samples 



Particle 




Decay 


Slope* 




Diameter 


Station 


Station 


Station 


Station 


(microns) 


103 


107 


114 


120 


1500 


-1.110 


/0.127 


-1.217 


-1.225 


775 


-1.238 


-0.448 


-1.205 


-1.124 


650 


.1.291 


-1.417 


-1.058 


-1.221 


545 


-1.162 


-0.613 


-1.177 


-1.203 


460 


-1.424 


-0.587 


-1.165 


-1.105 


358 


-1.128 


-1.252 


-1.247 


-1.066 


274 


-1.284 


-0.796 


-1.241 


-1.154 


230 


-1.244 


-0.878 


-1.241 


-1.279 


194 


-1.308 


-0.943 


-1.229 


-1.1*0 


163 


-1.349 


-0.913 


-1.253 


-1.165 


137 


-1.302 


-0.687 


-1.241 


-1.211 


115 


-1.331 


-0.856 


-1.329 


-1.228 


96 


-1.354 


-0.883 


-1.288 


-1.229 


81 


-1.331 


-1.204 


-1.247 


-1.186 


68 


-1.430 


-0.987 


-1.300 


-1.244 


58 


-1.337 


-0.843 


-1.215 


-1.321 


48 


-1.436 


-1.170 


-1.312 


-1.261 


40 


-1.343 


-0.836 


-1.394 


-1.294 


18 


-1 .424 


-0.738 


-1.429 


-1.331 



♦The deoay slope is defined as n In the equation 



A . kt n 
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CHAPTER 5 



DISCUSSION 

5.1 COHCSNTRATIOH OF ACTIVITY IM THK AEROSOL 

Before proceeding to a discussion of soraa of the details of the 
activity concentration data, it is well to compare the data obtained 
by the four typea of instruments which were employed. Such a com- 
parison is made in Table 5.1, in which the ratios of the concentrations 
obtained from the particle separator, cascade impact or, and con- 
tinuous air monitor, to those obtained from the filter sampler have 
been computed. The table illustrates, for one thing, the extremely 
large variations that may be expected in measurements of this sort 
made with existing sampling equipment* It is apparent that the data 
obtained by the particle separator varied from one tenth to ten times 
that of the filter sampler. There is apparent disagreement between 
the cascade impactor and the filter sa copier, the former being smal ler 
than the latter by a factor of the order of a several hundred. The 
case of this disagreement is thought to be due to the fact that the 
cascade impactor, in obtaining a relatively small sample, is more 
susceptible to the loss of large particles, because collection of the 
particles is made on a glass slide, rather than on filter paper. 
Comparison between the continuous air monitor and the filter sampler 
•utters from the lack of data from toe former, together with a con- 
tradiction on two of the four records obtained, that is, apparently 
the cloud did not reach the station until after the 115 min filter 
Kapler sampling period was over. One of the remaining two records 
Indicated the continuous air monitor data was ten times, the other 
one tenth as large than the filter sampler data. Probably the only 
conclusion that can be reached from this comparison is that the 
filter sampler concentration data is in systematic disagreement with 
tta cascade impactor data, but is not in systematic disagreement with 
*ke particle separator or continuous air monitor data, although 
Agreement in any particular case may be no better than plus or minus 
°n« order of magnitude. 

It is possible that the comparison of the particle separator- 
filter sampler data may shed some light upon the question of the effect 
°* non-isokinetic sampling upon the concentration data. It will be 
r * a enbered that the particle separators were oriented with the axis 
°* their sampling port in the vertical direction, while the filter 
Ua Pl«rs were oriented in the horisontal direction. Under these 
conditions one would expect that the particle separator, in collecting 
largest particles 
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TABLE 5.1 

Comparison of Concentration of Activity Data 



Station 



Particle Separator *- 
er* 



Filtor Sampl 



Cascade I m pactor ^ 
Filter Sampler 1 



Continuous Air Monitor^ 
Filter Sampler 



Serfage Shot 



6 
14 
15 
21 
23 
24 
25 
26 
28 
29 
30 
35 
38 
40 



3.8 
6.8 

9.2 x 10" 1 
2.5 

1 '° -1 
9.7 x 10 1 



4.7 x 10 2 
1*2 x 10" 1 



1JL x HT 1 

9.5 x 10-3 
2 J. x lor 2 

3.2 x lorj 

3.6 x 1CT 2 

2.6 x 10" 2 



1.1 x 10" 1 
9.6 



Podffireroiind-Shat. 



108 


5.7 x 


109 


4.0 


114 


3.5 x 


U5 


1.5 


119 


2.6 x 


120 


121 


3.4 


123 


1.0 


124 


3a 


125 




128 


1.0 x 


129 


la x 


130 


1 J. X 


132 




140 





10' 
10* 



10" 1 

lo* 



2.1 x 
1.6 x 



10"? 
lO- 2 



-1 



1.2 x 10 



2.8 x 10"? 
2,3 x 10"* 



2,2 x 10*" 4 

1.4 x icr3 



1 Average concentration over 115 minute sampling period. 

2 Station numbers lees than 25 and 125, concentration over 1 minute 
sampling period; greater than 25 and 125, over 115 minute sampling 
period. 

3 Average concentration over 115 ninutee computed from concentration 
vs. time curve • 
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would cause a systematic decrease In the particle separator-filter 
aampler concentration ratio with distance fron ground zero* How- 
over, no auch trend can be detected, and it is thought, therefore, 
that the effect due to non-isokinetic sampling, at least in the case 
of concentration data, may be masked by the spread already present 
In the data. 

The question of the accuracy of the cloud model described in 
paraeraph £.1.1 is open to some conjecture. Certainly the records 
of tho continuous air monitors Indicate the cloud arrived latex and 
stayed much longer at the most distant stations than is Indicated 
by the cxoud model. At the very close stations, the age of the 
cloud becomes extremely important because of the activity decay 
correction. At the stations of medium distance therefore, the cloud 
model can be expected to give the best results* The concentration 
of activity in the cloud proper, bases on the cloud model, has been 
plotted in Fig. 5.1 as a function of distance from ground zero. The 
data indicate the underground shot produced an aerosol 10 to 100 
times as active as the surface shot* 

5.2 PARTICLE SIZE DISTRIBUTION 

As was indicated in Chapter A, essentially only one instrument 
yas employed to obtain the particle size distribution of the aerosol, 
the cascade iapactor, and thus there can be no inter-instrument com- 
parison of results. A discussion of the particle size distribution 
of the cloud, therefore becomes a discussion of the cascade impactor 
data. The most important fact to be emphasized is that sampling was 
non-isokinetic in the sense that the intake velocity was considerably 
less than the wind velocity, but that the intake throat was pointed 
toward ground zero, and therefore, generally speaking into the wind. 
°nder these conditions the intake aerodynamics favor the large 
particles. However, as was indicated in paragraph 5.1, the impactor, 
though undoubtedly removing these particles from the airstteaat, must 
nave shattered them, or else subsequently lost them, since no particles 
^ger than about Jfl microns were observed in the examination of the 
slides. 

However, the tendency toward smaller particle sizes in the aero- 
r 1 ,* 1 ^ in crossing distance from ground zero was definitely observed 
rjboth shots. Figs. 5.2 and 5.3 illustrate this situation. It is 

PP*rent that the underground shot initially possessed a distribution 
wntaining larger particles than the surface shot, but that these par~ 
♦J.T 9 ? rapidly fell out, leaving at distances of 20,000 feet a dis- 

'loution containing smaller particles than the surface shot. This 
**ault may be explained by the fact that the underground shot cloud was 
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2 * 3 

DISTANCE UO FKET) 



Figure 5*1 Concentration of Activity in the Clout 
as a Function of Distance on the Down- 
wind Leg. Filter Sampler Data. 
Activity was corrected to time at which 
cloud passed each station. 



- 122 - 



PROJECT 2.5a-l 
— r r 



w 

10 



-K» — 

No 



a 



o 



8 
H 



or 

(0 



3 



s 

S 



8 



-O 



C4 



■n q 
- - 1 o 

(SNOttOlff) NVSCI3H MSflNON 

- 123 - 



FROJDCT 2.5a-l 




PROJECT 2.5*i-l 



lower than the surface ahot cloud, giving the large particles leos 
tlce in which to be carried by the wind out to the more distant sta- 
tions. By the time both clouds reached 50,000 ft. the NUD of their 
distributions had reached a value of less than 0.1 micron. 

The material on the fall-out tray vra3 collected under favor- 
able conditions in the ser.3 3 that no appreciable wind sprang up be- 
Uoen the time of the shot and the recovery of the trays, conditions 
under which very' little material could have been renoved or addod as 
determined experimentally. The analysis of the material was carried 
out according to standard procedure and apparently no difficulties 
were encountered. Nonetheless the resulting distributions (see Figs. 
4.12 through 4.15) indicated the fall-out had a very small NMD, less 
than one micron, a distinct anomaly inasmuch as the aerosol MUD 
apparently was about this size. In addition, the lines representing 
the size, area, and mass, distributions did not give a straight line 
trend. For these reasons, no attempt was made to fit straight lines 
to the data, with the result that convenient parameters describing 
the distribution were lacking, making a comparison of distributions 
difficult. It can be noted, however, that station 103, which is 
shown in the photographs as being in the base surge from the under- 
ground shot, had a noticeably larger percentage of particles less 
than 10 microns than the other four stations analyzed, giving wieght 
to the idea that the base surge was composed of small particles. 

5.3 RADIOACTIVITY AS A FUNCTION OF PARTICLE SIZE 

It was hoped that the cascade impactor would size grade part- 
icles sufficiently so that activity measurements made on the five 
slides would give an indication of the activity of the particles 
in the aerosol as a function of particle size. However, these data, 
which are contained in Tables 4*10 and 4>U> present such large 
scatter as to make such a correlation impossible. An example of 
this is easily seen by consideration of the percentage of activity 
on the first slide. One would expect that the first slides on the 
nearest impactors would contain a large percentage of the total 
activity of the impactor, while the first slides on the farther im- 
Ptctors would contain less, since there would be fe#er of these very 
highly active particles present in the aerosol at the farther stations 
*ven this effect, which should be very pronounced, is not evident. A 
Partially satisfactory explanation of this can be made by the fact 
that the cascade impactor, in its collection of particles, size 
Cades them only by virtue of widely overlapping efficiency curves, 
*nd that a wide spectrum of particle sizes may be found on any one 
*lide, although the NUD of the distribution varies from slide to slide 
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This, of course, does not affect the particle size analysis by vir- 
tue of the way in which it is carried out, ho we vex , it might frus- 
trate any work dependent upon size grading. 

It is unfortunate that a larger number of conifuges did not 
give satisfactory data. Although all conifuga cones "were r ad ioau to- 
graphed, only a few showed any darkening at all, and only one of 
these showed a smooth distribution of film density. The others had 
only splotches of activity, which probably indicated the presence of 
turbulence in the cone volume. The fact that most conifuge cones 
ware not sufficiently active to produce radioautographs can be 
attributed to the small flow rate of the instrument. 

The activity as a function of particle size data obtained from 
the fall-out trays appears to be satisfactory, except that a self- 
absorption correction, originally considered to be almost negligible, 
apparently is necessary for the large particle sizes. This question 
is discussed in more detail in paragraph 5.5.2. 

It should be pointed out that the specific activity data from 
the fall-out, which indicates the relative activity of each particle 
size range, can be applied to the mass distribution of the aerosol 
as determined from the cascade impactor to yield the distribution of 
activity as a function of particle size of the aerosol. The assumption 
m£de is that, in any given particle size range at any given station, 
the specific activity of the aerosol is the same as that of the fall- 
out. If this is not the case, the implication is that there must be 
some selection on the basis of activity in determining which particle 
of a given size range will remain in the aerosol or will fall out. 

5.4 PERCENTAGE OF ACTIVE PARTICLES 

If the percentage of active particle data (paragraph 4.4) of 
the cascade impactor and the fall-out tray for the underground shot 
are combined, it appears that the percentage of active particles is 
a mo no tonic function of particle size over the range of particle 
sizes covered by the two types of data, i.e., from 10"^ to 1C3 microns. 
In fact it appears that a straight line, with a slope of one, rep- 
resenting a linear function, fits the data well. 

Since both the cascade impactor data and the fall-out tray de- 
pended upon a radioautogrcphic method of differentiating the active 
from the inactive particles, it was thought that the exposure time of 
the radioauto graph would affect the results. This was not borne out 
by results of the cascade impactor, since a number of radioautographs 
of different exposure times showed no apparent change in the per- 
centage of active particles. 
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5.5 STUDY OF FRACTIONATION 

5.5.1 Radiochealst ry 

The data concerning the nuclide activity per unit masa 
of active material as a function of particle sizo, -which is con- 
tained in Table 4.15, provided a method of investigating the mechanism 
whereby particles acquire activity. The data for Sr 89 and ZR 9 ' 
have been plotted in Fig3. 5.4 and 5.5. Referring to Fig. 5.4, it 
appears that a straight line with a slope of -1 may be fitted to the 
data, whereas this is not possible with the data in Fig. 5.5.^ 
Allowing for some over-simplification, it appears that the Sr 89 
activity is a function of particle surface, whereas that for Zr 9 ^ 
tends to be more of a volume function. Ba*40 elves a plot similar 
to the Sr 8 ? plot, while Ce 1 ^ i 3 similar to Zr 95 . Further study 
is being made of these data, particularly with respect to the 
question of whether the activity of Zr9> and Ce 1 ^ is concentrated 
in a shell rather than a volume. Examination of the decay chains 
of these four nuclides provides a plausible reason why there should 
be a difference in the mechanism for acquiring radioactivity. The 
decay chains are as follows*: 



Kr 8 ? 2. fry Rb 89 ls.foy Sr 89 

Kr 95 shorty Rb 95 short, Sr 95 shorty T 95 10.5a, Zr 95 
X* -lfc^Cs 66s , Ba 140 

Xe 14 ^ ls^ Cs 1U shory Ba 1 ^ jfccxVLa 1 ^ jhaxV Ce 1 ^ 

It may be seen that Ba 1 * 0 and Sr 89 both have gaseous precursors that 
nave half-lives long in comparison with the lifetime of the fireball. 
Since gases such as krypton and xenon are not significantly subject 
JJ adsorption above liquid air temperatures, it is logical to supDOS© 
wiat while the Zr* 5 and Ce 1 ** chains passed the rare gas stage early 
•nough to be adsorbed during the particle growth process, no appreci- 
able amount of Kr^ and Xe 3 -* 0 decayed before the particles had ceased 
*o grow. Hence the Sr 89 and Ba 1 ^ activities were confine' to the 
outermost surfaces of the particles. 



c » D. Coryell 4 N. Sugarman, op cit, pp. 1996-2001. 
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5.5*2 Activity of the Radioactive Particles 

In order to investigate the mechanism whereby part- 
icles become radioactive, the data described in paragraph 4.5.2 
activity of the radioactive particles as a function of their size, 
surface area, and naas nwe calculated. (The latter, it will be 
noted would be the sum of all the nuclide activities of the kind 
discussed in the paragraph immediataly above if a radiochemical 
analysis could be perforioed on all the nuclide species.) 

One of the questions that arose in the study of the data 
was the effect of sjIi' absorption and self scattering upon the 
measured activity of the different particle size fractions. The 
former is susceptible to quantitative treatment if the range curve 
for the activity is known, while the latter is as yet not well 
understood* The complexity of the combination can perhaps best be 
seen by examining the data of Nervik and Stevenson-*, who have plotted 
a self -scattering and self-absorption correction factor versus 
sample thickness, with beta energy as a parameter, for NaCl and 
Pb(N0 3 ) 2 . 

A simple calculation can be made to investigate the 
magnitude of the a elf -absorption. Assumingi 

(1) The attenuation of beta particles is described 
by the equation 



where w is the path length in milligrams/cm , and Tjfc is the half 
thickness of the particle for the fission product radiation. The 
latter was taken to be 20 mg/afi in accordance with the data of 
paragraph 4.5. 4-. 



W. E. Narvik and P. C. Stevenson, "Self -Scattering and Self -Ab- 
sorption of Betas by Ifoderately Thick Samples". Nucleonics, X, 
(1952), 19. 
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(2) The particles are cubical, so that the mean path 
length travelled by a beta in escaping from the particle is 



— - (5.2) 
1-2. 

2 



where s is the side of the cube. 

(3) The density of the particles is 2.7 grams/cm^, 
making the thickness factor of the particle material equal to 2.7 x 
1CT 1 mg/cm 2 /:nicron. The relative self -absorption of a 1 micron 
particle is: 



e - 0.g3 x 0.5 x 2.7 x 10** 1 = e <X, i 



(5.3) 



while that for a 1000 micron particle 1st 



* -9**?? x 500 x 2.7 x 10" 1 = ~- 1 

* 20 120 (5.4) 

Thus the correction factor for self -absorption for a 1000 micron par- 
ticle is 120 times that for a 1 micron particle, and therefore is of 
great importance. Previous calculations had led to the belief that 
this correction was negligible. 

No data is available to estimate the effect of self- 
scattering, but it is probable that it is negligible in comparison to 
the correction for self -absorption. 

It has been suggested that the necessity for making these 
corrections could bo side-stepped by crushing the large particles 
°efore measuring their activity. This ia presently being carried out 
011 some of the fractions that are still sufficiently active. 

5.5 #3 Decay Slopes 

* study of the variation of decay slope with particle 
■ize (paragraph 4.5*3) has yielded no information other than further 
P^of of fractionation. 
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StJLC/ARY ' 



It waa expected that the considerable quantities of dirt 
thrown up by the Jangle explosions would trap a relatively large 
proportion of the fiaaion producta of the bomb, creating highly 
radioactive aerosols containing relatively large particles. 

The concentration of beta activity in the aerosols was found 
to be 10"' and 10~* ndcrocuriea per cubic centimeter for the surface 
tnd underground shots respectively. These are based on filter 
sanpler data taken from the nearest stations (2000 ft. to 4000 ft.) 
on the downwind leg, as modified by an estijnation of the arrival 
and departure time of the cloud. 



The number median diameters of the particles in the aerosols 
ware 1.0 and 1.5 microns for the surface and underground shots re- 
■pective-16, at stations 4000 ft. downwind, decreasing to less than 
0.1 microns at 50,000 ft. for both shots. These figures were ob- 
tained from the cascade impact or. The particle size distribution 
of the fall-out was also determined at a number of stations of the 
underground shot. 



No satisfactory data giving activity as a function of particle 
•ise in the aerosol were obtained due to unsatisfactory operation of 

Instruments designed to size grade aerosol particles during the 
■Sapling process. These data, however, were determined for the fall- 
°^t at a number of stations on the underground shot. The percentage 
°' active particles in the surface shot aerosol was determined to be 
o.Ol per cent for particles approximately one micron in diameter. 

the underground shot fall-out, this percentage was found to be 20 
P* r cent for particles approximately 100 microns in diameter. 



Data of the various consequences or manifestations of fraction- 
r*°n were made on size-graded particles of fall-out from the under- 
r^und shot, and study of these data have made possible a number of 
JJteresting conjectures regarding the mechanism whereby particles 
°*eoa» radioactive. 
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Thi eheaical and physical proportion and the difltritution with 
tint and aroa of tha particulate Batter dispersed by a surface and an 
undarcround ate ale bejb datonation wore investigated. Aerosol ccyploro, 
differential fall-out collectors, and fall-cut trays vara designed arl 
developed. Sampling was conduct od from ground baaed stations* 

The following points ire re specif ically lnyesticatedj 

1. f 3diun particle dinKoters of tho grocs aad tha r-'dicactivo ra- 
terial, 

2. Brdio-\etiTity of tho fall-out caterial aa a function of particle 

slsa, 

3* Competition of tho fall-out and corralntion with tha eovxen 
•at* rial. 

A» Tina and area diotrlbutiena of the fall-out rata rial. 

The cad lan particle sises of the gross and rcdic active ratcrialo 
••re 0,2 p and 1.4 n reapoctiroly. The rcdlcictive partielos wero 
Classy and had the sano eler.otrtal ceapooltioa as the source catvi-ial cra- 
«apt for the absence of carbon and boron. Tho bulk of tho actirity vso 
found In the else fraction > 20 ji. Tha tira distritutiou studies shot 
Wry initial concontratioaa transported by high altitude winds end fol- 
lewsd by sereral secondary ware a of aaterlal carried by surface virAa, 
^ea distributions were found to be doternlncd by the extent of the baso 
•urge and wind profile. 
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CHAPTER 1 



1.1 OBJZCTI Yg 

Tka purpose of thi*j investigation was to stndy the physicl and 
chejlcal characteristics and dietrlbjtion of the particulate? tattor c«- 
prioing the 'elcud and t.^.eo surge resulting fro underground exd curfao 
atcoic txub 'detonations. This information is important, frc-t tfco point 
of view of military defense, as basic data nscaasary for tha strdy and 
evaluation of internal fcasarda and decontamination probloms. 

In ita study of the phyaieil and chanical characteristics of par- 
ticulate natter, the U. 3. Naval RadiolcjiciX Defense Laboratory (US3BDI.) 
paid particular attention to the following points t 

1. Gross particlo also distributions , 

2. Rndic-vctivo particle sise distribationo. 

3. Activity as a function of pirticle size. 

A* Identification and correlation of collected rateriala with 
iource materials. 

In the investigation of the distribution of particulate natter, 
consideration was given to ita dietribotion with regard to both tine end 
area. 



1.2 BACKGROUND MATffi& 

The aerosol cloud produced by an atomic be lb detonation has been of 
interest ever since the flrat bonb at Ala^ogordo. Fnll-cut froa this 
cloud was observed at one or two places in the United States and la said 
to have caused aoee difficulty by contaminating the raw material for photo- 
fraphic fila pecking* Kaasuroments of the size of particles comprising 
the cloud were attempted at Operations CROSSROADS and SANDSTONE, These 
*«*surements , however, were not of sufficient refinement to provide reli- 
able data. 

Bailable data regarding chemical composition and physical properties 
*«cone more and more necessary as research in contamination-decontamination 
***euree and Inhalation hasards progresses. Recent investigations at 
Operation GREENHOUSE have revealed that cloud samples taken under isokinetic 
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flow conditions show a much smaller median size 1 (aDnrn-r n K Wu 
those previously taken under non-isokinetic condiiS rney also^S 
realed that, under certain meteorological conditions, the fall-out It 
be significant even from an air burst. 2 ' Can 

r^nt^JT' ° f 1 J t9re3t 1° investi S ate the properties of the aeroaoi 
resulting from an underground and a surface burst since these are ml 
tarily possible situations. The conditions differ in many ways froTan 
£^5"? S 1 itU J U °"- Fir f t of oll > th ^e is the tremendous mLs T£ 
lZ ™JS? Tf + V ^ 9 41 controll ^g factor in the chemical composition^ 
rtltwi ^J/^^^ing ground zero rather than the bomS 

^J* J 6C ^ slnc f ^one operation was considered impractical' 
for this test, ground level sampling was used. Under these conditions 
the velocities for isokinetic sampling were those of the surface »W 
^f^t, "r^ 3 ^ 9 ? ° f / rone These two factors, naX 

^Sr^^L?^r + erial ^ 1CW velocit 7 sampling, allowed the uaT£' 
a thermal precipitator sampler which is ;aore ideally suited to electron 
micrographic analysis than either the electrostatic precioitator nS 

til : ^ San ? ling °f the 1: ^ Ct0r i"»^nS which discrSntf 
against the smaller sizes. Large quantities of fall-out were collected 

IVJF^rlll 3 * r diti r * StUdieS ° f activit ^ a3 * Action T?L 
ticle size, fall-out M a function of time, and identification of carSer 
material were, therefore, more fruitful than for air bursts 



1 J. P. 1'itchell and T. C. Goodale, "Cloud Phenomena: Study of Particulate 
and Gaseo-03 flatter", Greenhouse Report, Annex 6.1. 

2 C. E. Adams ?. R. 'lolden and 11. R. Wallace, "Fall-out Phenomenology" 
Greenhouse Report, Annex 6.4.. 
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2.1 AKROSOL CQUTCTOa 

2,1.1 Theory oj; JMr, Preololtat-*.on 

It is kno.n that If a hot body 1* eua ponded In a winrt-frio 
4uat-l*den at::ospliare, a clear duat-froa apnea a fraction of a ■illir.jt^r 
riia la observed inaediately surrounding the body. Theory explains thla 
phanerjenon by an interaction between the dust particle and the steep ther- 
mal gradient around the body which causae the particle to be accoloratcd 
frcu the body. If a cold (with rsapict to the body) surfaco ia placed 
within the duat-free apace, a partielo pnsir-g between this hot body and 
the cold surface will be precipitated on tbj cold surface. Thio ia esaan- 
tially the way the themal precipitator operates. 

The dust-free apace surrounding a hot bedy was fir^t re- 
ported by Tyndall in 1670 and Rayleigh in 1Z32. Thla spao v/j strdlcd 
by Aitien and by Lodge end Clark in 188/;. Rnpirical for.nOb.-j ft** the 
width of the apaco aa a function of pressure, excosa teaperaturo ovor th5 
surrounding gas, ehape, and connective heat Iosb, wers> determined by 
Hyake in 1935 and Watson in 1936. These fornulae were of the fom, 1 

A = L<9-H-°*3a (2.1) 

where A * thickness of d oat-free space 

H = connective heat loss 

■& - teaperature exceaa 

L = constant, 

1 = kp"* (2.2) 

where k = a proportionality constant 
p = pressure 

a = 0.61 to 1.0 depending upon the also and shape of the 
particle. 

The connective heat loss in (2.1) equals C where C 

*■ * constant which varies with the slse, shape, and orientation of the 
body. 



rr 



8. H. Wataon, Proc. Faraday 3oc. r mil (1936), 1073. 
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Cawood, In 1936, developed an expression for velocity 
baaed on the theory of molecular bombardment of a particle in a ther. * 
gradient,2 namely: 

| p dT L RT 

T= lirVr' 1 (i d , 

whore P = pressure 

~ - thaml gradient 

OuC 

L - cean free path 

T = tecpcreture 

r ,= radius of particles 

R = gas constant 

N = Avog&dro's nunber 

A = constant 

H = viscosity. 

Keaauresents of Telocity agreed to within an order of magnitude. 

A r.ore successful approach has been to consider thermal 
ropulsion as a radiometer phenomenon. As oarly as 1825, Fresnol noted 
the effect of radiation on a particle expanded in a gas. Since that 
time Many investigators attempted to derive equations to explain the 
radioc3ter effect as observed with the class leal vane radiometer. The 
first equation which successfully agreed with experimental observations 
xne derived by A. Einstein in 1924, and una based on heat flow usin* a 
simplified model |3 6 

' ■ - * (pl2t > S u^> 

where F = force per unit length of vane 

P = pressure of gas 

L = mean free path 

T = temperature of gas 
dT 

- thermal gradient. 

Harwell developed an equation in 1880 for the force on a 
radiometer vtme in a high pressure atcosphere* Although this equation 

2 W. Cawood, Proc. Far aday Soc f XXXII (1936), 1068. 
3 A. Einstein, 2. PhTsik , XXVII (1924), 1. 
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ru not eren In qaalitative agroe?:«nt with exporir.ent, a sore rijorotw 
dariration based on Maxell's work was developed by Epjtein^ in 1929 and 
ltd to a satisfactory explanation. The equation given by Bpjtoin iat 

2 H a T di 



whare = heat conductivity of gas 

% = hoat conductivity of particle 
a = radin of particlo 
t\ a viscosity of gas 
p * density of gas. 

Particloa baring diameters of ■oreral sdcrons and below 
acquire torainal velocities in dist-mees leaa than tkeir dinr^tora. Theoo 
Ttlooities are described byt 

V = ZF (2.6) 



where Z is the nobility of the particles. In a u-Bdir ..1 r ordered inter: 
f«£3ous by a steep thermal gradient, Z is dependent upen the ratio 
Expressions for Z for throe valuos of l/a follow, no:.elyi 

when L/a 1b sraU, Z = (l + A L/a) /6tt U a (2,7) 
when L/a is large, Z = (A + B) L/6ff t\ tr (2,8) 
and when L/a has an .c»A\ 

intermediate ralue, Z = 1 V» \ A I 55 ^ .) (2.9) 

o tt t\ a 

where L - mean free path 
A = 1.23 
B = 0.41 
C = 0.08 

Equation (2.9) reduces to (2,7) and (2.8) in the appropriate regions. 

Substituting equations (2.5) and (2.9) in (2.6), and using 
the well known expressions 

il = 0.499 TL and pi 2 = SP/rr 



*. S. Kpatein, Z. Phvslk . LIV (1929), 537. 
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(where 7 la the average molecular velocity), the following genor.il cqua. 
tlon for the velocity of a particle In a thermal gradient is obtained j 

y - -17.Q * „ p k 2 dT LijAiAjJJL^ ( 2 i, 



This equation haa been verified ojcp-jrirontally by Ro3onblatt and La 
The radiometer theory also predicts a "thermal cro&p" affect rhich should 
result in a streaming effect of the gas from the cold to the hot 3ide of 
the particle. This was observed by Gerlach end Schutz In 19.32. From thlj 
evidence it certainly appears that the phenomenon is explained by the 
radiometer theory. 

The firat thermal precipitator as such was described by 
Green and Watson in ,1935. Since the repulsive force is dependent on pjy> 
tide size (2.5), the deposit is fractionated to 3ome degree rrhen precip- 
itated. The smaller particles tend to be deposited first and the larger 
ones last. This is not eoitable for electron microscope analysis since 
only & small area of the sample is observed in tho field of view and a 
representative size distribution is not obtained. This defect res reme- 
died by the development of an oscillating thermal precipitator at the 
Porton Laboratories. In this device the sample bolder oscillate? back and 
forth across the hot vire and the size fractionation Is over core by unifen 
mixing. Ideally, then, every point on the sample collector will receive 
the proper proportion of each size particle precipitated. An oscillating 
thon^l precipitator of better design ^as developed by Wilson, Lask5ja, and 
Meier° at the University of Rochester. Their precipitator forms the basic 
unit of the USNRDL aerosol sampler used in Operation JANGLE. 



2.1.2 Isokinetic Sampling 

The general theory of isokinetic sampling is straightforward 
and reasonable. Simply stated, if sampling is done with a lineal flow 
identical to that of the aerosol stream, the streamlines will not be dis- 
turbed and the sample will be representative insofar as particle sizes 
are concerned. If sampling is done with a lineal flow e xceeding that ->f 
the aerosol utreara, the streamlines will converge tovard the sampler inlet 
and the smaller particles will be favored in the sample. Conversely, if 
sampling is done with a lineal flow less than that of the aerosol stream, 



5 P. Rosenblatt and V. X. La Ker, Phys. Rev.. LJJC (1946), 3S5. 

.6 R. Wilson, S. Laskin, and D. Meier, University of Rochester Quarterly 
Report, December 1949. 
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the ctr. .^OLLaca dirorgu arovrvd tbo inlet and the largor particles ara 
f»y«r3d. Tb-la la oxpl?.inoJ by tho fact that tha r -sllor parti el 3 « temd 
to folic tin Btroffl-jlinaa while tho largor part Ida o do not bocr.usa of 
thJlr gr-atar inartia. 

Iffcat ia cot tr>31 kro.n, ho^or/ir, la to that ortroit t' j bId 
iiitritation of tha tw;«pl3 ia af footed by any given da'/lation frc.i ioo- 
klcjiie conditions • Tfci isrportanea of isokinetic sc-r.pllng k^a bejn inn- 
tlJi^d by rany author thcagh tho r33tricticna which should bo lnpc.jsd 
on thJ air flow bar* n.37"}r bean oltarly dalineated. Tha enltulaticna of 
taa dap - t..dence of sampling on isokinetic conditions ara difficult arul 
laborioc J, Thay are no.* in prograas at thi U3NHDL. 

Erperi* imtal oridence is scanty at bast. One oxperiuemtor 
has reported roaaurabla differences in caaa bet^oen samples collected 
radar isokinetic conditions and those eol?octed at aanpl tag rates diffor- 
lag by five and ton ailea par hovr frc i fr.it of tha aerosol strcan. Bcv- 
trer, his data and deacription of oa-iplln~ corJitiono troro not cc lplets 
tnough to oraluatfj hia conclusions proparly. It van found in at. iplirg 
tha radioietira eerojola at recent ato iic bcab to-jta that carplso tai^n 
*t isokinetic conditions yielded particlo also diotriVations significantly 
•aallor than those coUoctcd at prenrioue teats vhoro tha canplirj Yeloo- 
itioo vara leas than tha aerosol velocities. Ho:rov>r, th:;ao dn^. aro 
applicable only to aircraft yelocitiea. 

2.1,3 E§J»S£tt firltorfra. 

The aerosol soapier used in this investigation ran designed 
to operate under the following conditional 

1. Expected wind Telocity, 5 to 10 aph with a caxLs.ua an- 
ticipated afternoon wind of 35 nph. 

2* Krtrcne temperature differences of approximately 20 

to 80°». 

3. Dry atroaphere ladon with wind blorra dust* 

4. Reaote starting signal. 

Jurtheraore, the sampler waa designed to acooaplloh tha 

'olloBrlng t 

1. Collect samples laolclnetically in the wind direction. 

2. Collect saaplea In the aise range of 0.02 to 6* ■> di- 
eter particles. 

3* Collect saaples directly onto electron micros cope 
•ereenw and microscope cover glasses. 

4* Start from a remote starting signal and torn off when 
tbe sampling period was complete. 
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2.1.4 Description of Aerosol Collector 

The aerosol sampling instrument is essentially a Universi^. 
of Rochester oscillating thermal precipitator in a bousing designed to 
reduce the air Telocity to a value approximating the inlet velocity of 
the tbexral precipitator* A pump, operating at constant speed, is attache 
to the housing through a canifold to furnish air flow into the housing 
and, through a calibrated metering orifice, into the thermal precipitator 
A wind-actuated rotary valve controls an external calibrated leak which 
connected through the manifold, controls the flow into the sampler. The 
entire instruaent is van ad and free to rotate in a complete circle so aa 
to head always into the wind. A schematic cross sectional view is shown 
in Fig. 2.1. 

The thermal precipitator Is essentially the University of 
Rochester design (Pig. 2.2), but a slight modification was made in its 
over-all appearance by tapering the inlet to reduce turbulence. The wire 
assembly was alao modified tc incorporate spring tension and a slightly 
easier method of changing wires. 




Fig. 2.1 Aerosol Sampler 
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In this. model, two steel slides, sep^rtted by e 0.04,0 i ri< 
brass spacer, travel b&ck and fortb at. the rtte of C.6 cycles per min- 
ute. Between the slides is a stationary nichrose wire (28 gauge) mounted 
parallel to the plane of the slides and perpendicular to the direction 
of motion. Aluminum plugs with micros cone cover glasses attached are 
Inserted in the steel slides to that the glasses oscillate back and forth 
in the region of the wire. The oscillations are controlled by a 0.6-rpo 
d-c timing motor driving a hetrt cam which, in turn, drives the slides. 
The entire device is enclosed in a brass (ravel grs.de) housing. 

An aerosol passing between the slides is precipitated onto 
the cover glasses opposite the hot wire. On one of the glasses is mountej 
an electron microscope screen. Th6 flow rate through the precipitator is 
approximately 7 cc/min and the ?.ir.eal velocity past the wire is approxi- 
mately 2»L fpsi« The wire is heated by 2.5-smp dc which gives it a tem- 
perature of approximately 560°C. A condition of no leakage around the 
wire which still allows oscillation of the slides without lubrication is 
attained by keeping the tolerances to a few ten-thousandths of an inch. 
Such tolerances also apply to the positioning of the holes for the hot 
vire to prevent intermittent shorting. It was necessary to r«3uc-j the 
oucillation rate to less than one cycle per minute for most effective pre- 
cipitation. Higher rates of oscillation decreased the collectio . effi- 
ciency to a large extent. 

The diffuser housing was designed to sample isokinetically 
from the ambient airstream and to slow the aerosol down to the intake 
velocity of the thermal precipitator. The flow rate through the housing 
is such that the lineal flow at the tip is the same as the wind blowing 
past the nozzle. This lineal flow is reduced in two steps to that of the 
thermal precipitator: 

Step 1, from V* 0 to ^2 through an ideal 7° diffuser section 
y 

Step 2, from ~ to V.p through a second section more diver- 
gent then the preferred 7° angle. This was done to keep the precipitator 
within a reasonable size. 

The housing is basically designed to semple from a 5 mph 
wind. The flow rate is modified to sample from winds up to 30 mph as 
Indicated in Table 2*1. 
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TABLE 2.1 



Vii:J Velocity 

(r-tfd 



0-10 
10-20 
20 - 30 



Flo / Bats 
thvc-'-'h Boeing 
(c-i) 



0.6 
l.S 
3.0 



Inlot Velocity 
(r^hl 



5 
15 
25 



At all rolocitiea tin sanplar was within ± 5 aph of boing ioo- 
kinatie. 



The wind gtmgo le a rc odolod aircraft gas loval gauge. 
1 disk la substituted for tha flc.it crd allo^-d to nrog freoly In the 
iirjtrj.ui, Tho wixd iMpjjigirg on tha dink doC ic*3 tka am at an anglo 
proportional -to th* velocity. This rotlcn la tvinsf^rrcd through a set 
of boTolcd goara to a rotary waive which is calibrated to allo t the 
leairvj In tho r mif old roeoseory to produce ths bousf.rg flc: rates li'itcd 
in Tablo 2.1. 

Tea puap is po'jaro^. by a 24-"/ d* 3 r.oto? and baa a caxJjrra 
opacity of approxi: ately 3.0 cfn. The amnifold cconocted to tfr> prep 
bas inlsts for rain housing floj, tho wind actuated waive, ar.d thoraal 
Precipitator flov. 

Tho tining unit consists basically of t*o tiair-g rotors t 

1. A 4-hr rotor which turns th3 unit off after a 3-hr 
•aapling period, 

2. A 5-ain actor which closes tho starting oircuit of tho 
*ifferontial fall-out collector fire idnuto3 after raceiving the T - 5 nia 
^aote-starting pulse. This starting pulse actuates a relay which siiiul- 
**aeously starts the aerosol sampler (allowing at least a 5-nin wara-up 
^ttcd), the A-hr rotor with a 3-hr turn-off ccn, and the 5-ain delay 
*°*-or for the differential fall-out collector (DFO). This is all physi- 
**Hy incorporated in a ntain Junction box with cables running to the bat- 
^•T, reaote-starting relay, differential fall-out collector, and tho 
*»rosol sampler. 

^ Power requirements are furnished by a 2A-v storage battery. 

**• current drain is approximately 10 amp for three hours. 
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2.1.5 Evaluation 

To evaluate properly the sample collected by thia instru- 
ment, the following points had to be investigated before the field opsr,. 
tlont 

1. Collection efficiency as a function of particle site. 

2. Collection efficiency as a function of heat conduetiTit* 

The investigations were not a3 thorough as desired became* 
of the short time botr.uen the inception of the instrument and the nanu- 
facture of the field r.odels. All the results indicated, however, that 
thia would be a satisfactory instrument for the conditions which were 
expected to prevail. 



2.1.5.1 Co llectio n Eff icienc y a3 a Function of Partlcl^ 
Size 

It has been generally conceded that, as nearly 
as can be determined, precipitation is complete for particles not ex- 
ceeding 2 to 3 n in diavater. It has been claimed by sone acd refuted 
by others that collections of particles up to 10 or 20 n in disaster can 
be cade with good efficiency. Since there seems to be no doubt about 
the sampling efficiency for particles less than 2 \i in diameter, and 
since Laskin and Lauterbach at the University of Rochester have tested 
this particular precipitator in the range 0 to 3 M- *ith NaCl aerosol, 
it was decided to check the upper end of the particle size spectrum. 

By the expedient method of connecting two pre- 
cipitators in series and observing collections on the second instrument, 
it was deterained that there was complete precipitation of alumina par- 
ticles in the range 0 to 2 jx. 

To determine precipitation efficiency in the 
range 1 to 10 (i the cam was removed fron the precipitator, so that all 
particles not precipitated would have clear passage, and a jet impactor 
(known to be very efficient for particles over 0.5 H-) was connected to 
the exhaust. Inpactor srjrples were taken with the wire of the thermal 
precipitator cold and with the wire hot. The samples very counted and 
the numbers in each size group compared. The efficiencies given in 
Table 2.2 were determined in this manner: 
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TABLE 2.2 



Collection Efficiency 



Sir.-* 


Efficiency 


<>> 


(*) 


1-4 


100 


4 - 6 


99 


6-10 


98 



2.1.5.2 Co23,ffftlofl EjCfJjBionc* Aft a EuncJ&Sl of. Basfr 
££nj*3act5jlii 

Combining Epstein's equation (Equation 2.5) an?. 

Equation 2.6, 

7 . J VLL^\± ££ , (2.11) 
^2^+ % / ^ Tdl 

frca which it is evident that the Telocity of thaixal rapulrsica is al» 
■oat exactly inversely proportional to the ho at conductivity of the ca- 
ttrial being precipitated. It wee determined experimentally that a wire 
temperature sufficient to precipitate altnaina was not at all adequate to 
precipitate dry HaCl. These results are shown in Table 2.3. 

TABLE 2.3 



Precipitation Temperatures 



Material 


Heat 
Conductivity 
(cal/ca/sec°C) 


Teaperature 
Heeeseary for 
Precipitation 

(°c) 


AI2O3 
HaCl 


0.01 
0.015 


260 
560 



It is evident from Equation 2.11 that to iapart 
the sane velocity to HaCl and AljOj particles, thereby permitting the 
?**e collection efficiency, it is necessary' to adjust the quantity 

( j Q\. Considering the inaccuracy in determining the wire teaper attire 
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and the beat conductivity of the material, the agreement between calcu 



lated and observed values of the ratio 




U 



good (calculated, 1.50; observed, 1.54)* 

Since a preliminary survey indicated that none 
of the material at the site would have heat conductivity greater than 
that of NaCl, a rire temperature of 560°C appeared sufficient to ensurs 
good precipitation. 



2.2 FALL-OUT COLL ECTORS 

In the past, fall-out collectors have suffered from two major de- 
ficiencies : 

1. No separation of actual fall-out material froa background wind- 
blown caterial (either inactive or r&disporsed active raterial). 

2. No data have been gathered regarding time rate of fall-out. 

Of the following instruments, the first one attempts to oorrect 
both of those deficiencies and the second Rttcspts to renody the first. 



2.2.1 poncriptipja £f J nst ru r-snt s 

The differential fall-out collector (Fig. 2.3) consists of 
a circular Lucite disk approximately 25 in. in dianator partitioned Into 
twenty sectors. A glass plate coated with carbovax is inserted in each 
sector providing a surface which is easy to work. On each glass plate 
is placed an electron microscope screen and a microscope cover glass. 
The disk poTrered by a spring-driven clock rotor rotates for one period 
of revolution starting at T = C. Two poriods \.ere used in the testa: 

1« Twenty minutes for the near stations. 
2. Two hours for tho far stations. 

Tho rotating disk is enclosed in en eluminua housing. Di- 
rectly over the disk is cn opening in the form of a sector of tho disk 
end one-quarter its idLdth. This opening is adjustable over a small rang* 
in aziciuthal position go that collection r-a start at the beginning of a 
sector for convenience in analysis. 

In operation, the collector is eet in position and started 
by a triggering pulse from tho thencal precipitator Junction box. The 
disk revolves once and stops. During the operating pariod, it collects 
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Fig. 2.3 Differential Fall-ant Collector 

fall-out 1a snail increment a through the opening In the housing. Back- 
frcund material is kep to a t&xdxm because the sample ic collected enly 
during the fall-out period except for the first and last positions* 

The fall-out collector tray constats of a 1-ft-squire tray, 
* tray cover, and two clock-actuated cechrml sua (Fig, 2.4). 

The clock* are set ao the tray will be exposed one hour 
Were the shot and covered one hour after the shot* When the first 
dock-actuated mechanlcn triggers, it allovs the tray to be pulled out 
frea under the cover by a spring which is in the extended position before 
the aechanisa is actuated. The tray reoalns exposed to the fall-out 
faring the fall-out period. Then the other clock sechanien ia actuated 
•Hewing the cower, which la alao under spring tension, to slide over 
*he tray. In this wanner, watch of the background material is excluded 
fro. the collection. 
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r-: 



o-i<-. 




CLOCKS 



LOCKING ARM FOR COVER 
COVER 

COLLECTING PLATE 




^LOCKING 
FOR PLATE 



STOPPING POSTS 




F ig. 2.4- Fall-out Tray 
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CHAPTER 3 



FIB ID OPERATIONS 



3.1 AEROSOL COL LECTORS 

A aeriea of 7-ft to:/era located according to the pattern in Pig. 3.1 
nrt provided by the Amy Chamical Center for the Installation of equip- 
aent* This pattern forced a sector straddling the expected wind direction 
and allo'./ing for a raximun shift of 60° in either direction. The aeroool 
collectors were mounted on top of the towers near whose bases were situ- 
ated Junction boxes containing the timing motors. Hear each Junction box 
a starting relay, which was tied into the timing network, was installed 
and batteries were placed on the ground to supply the po~er» The bat- 
teries were furnished by the Evans Signal Laboratory. 

The instruments were started by the remote starting signal (T-5 nin) 
and stopped automatically three hours later. The samples were recovered 
as soon as it was possible for personnel to re-enter the area and were 
■hipped by air to USilRDL. 

During the operation of the instruments in the field, the follow- 
ing difficulties were encountered: 

1. Failure to receive a starting signal. 

2. Plugged needle valves. 

3. Jammed precipitators. 

Two stations (Nos. 129 and 130) failed to function apparently because 
(ailing of the brass ways caused the precipitator to jam. This failure 
invalidated the electron microscope analyses for these two stations. 
Autoradiographic analyses for Stations 129 and 130 were not invalidated 
■ince the entire field is counted when searching for active particles 
instead of the small portion employed in electron microscopy. Prior to 
the underground shot, metering orifices were substituted for the needle 
▼alvee and operated satisfactorily. 

3.2 DIFFERENTIAL FALL-OUT COLLECTORS 

The differential fall-out collectors were situated on the ground 
*o<3 all but two were near enough to the towers with the aerosol collec- 
tors to be operated from its junction box* These two were located at 
tb* 2,000 yd range as shown in Fig* 3*1 and had their own timing units. 
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Fig. 3.1 Instrument Layout 
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The differential fall-out collectors wera started by the rciote 

starting signal (T-5 ndn) and turned thst.^lvos off after one ccrplete 

rerolution. The samples \.@tq recovered whon it rrA3 safe for personnel 
to re-enter the area and shipped to U&NTDL. 

In tho field opar^ticn of tho differential collectors, tho follow- 
ing difficulties vera experienced: 

1. Failure of the strrt-Gtop ^ech^uif.. n. 

2. Dirty relay ccnt.ictJ. 

3» Failure to receive a st-artin* sljnal. 

Tfcs atart-ctop tiechinici consisted of a pin pushed against tha baLnmcJ 
wheal of the clock Motor by a relp.y. Th* « arrerger.snt did not function 
perfectly arid, consequently, scuu of these devices did not start ard 
others did not stop at the completion of a single revolution. Dusty 
conditions which prevailed at thj site rode it very hard to keep all 
relay contacts sufficiently clean to oasuro thoir perfect operation. 

In the area covered by the fall-cut after tho underground shot, 
on« collector (Ho. 119) did not oparats bec;m?o it failed to receive a 
•tarting signal; collectors Ho. 109 and No, 121 failed because of con- 
ditions 1 and 2. Of the five collectors which were in th<j fall-out ar©« 
•ftor thj surface shot, one (Ho. 8) failed to start ard another (Ho. 2) 
•topped shortly after st:u'tir.3» The failure of Ho. 8 \,dfl proar. -xbly 
dna to conditions 1 or 2, but no satisfactory roascu Via foc.v.I for tho 
failure of Ho. 2, 



3.3 FALL-O UT TRAYS 

The fall-out trays were located in the field as shown in Fig. 3.2. 
The clocks which actuated the trays were set to uncover them at T-l hr 
■ad to cover them at T+ 1 hr. 

Is soon as it was safe to re-enter tho area, tha sa"iplos were 
■easured in place for ionization intonoity. A more careful r.easursraent 
**a made at tha field laboratory and there the material was removed 
from tha pans in a dry box and weighed. Samples were selected and sent 
tack to tho U£IRDL for specific activity determination and sieve siso 
grading. 

One hundred and tvelve instruments were installed for the aurfaco 
■hot. Of this number, the tray release failed on one, the lid release 
°h fourteen, and both releases on five. Of the one hundred instruments 
*&ich were installed for the underground shot, the lid releases failed 
°Q nineteen and both releases on one. A lid release failure does not 
^•cwssarily invalidate the collection result unless high winds come up 
Wore they are retrieved. 
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CHAPTER A 



AMALY5IS AND RESULTS 



i.l CHARACTERISTICS 0? FALL-OPT MATERIAL 

A. 1*1 Particle S ise Distribution of firjoss Sample 

All the electron microscope grids froa the thenial precipi- 
tators plus those differential fall-out grids which showed an activity 
tbore an arbitrary 500,000 c/a (using a special aluainua window, gas flow 
proportional counter) wars scanned in an RCA EMU2B electron microscope 
with extended range len3. Liaitirg the initial scanning to grids frca 
lectors with an activity count above a certain amount facilitates early 
discovery of grids with sufficient numbers of particles to obtain a siso 
distribution. 

If ever 200 particles could be found on a grid, the par- 
ticles were photographed at an electronic z^agnificatior. of 2,700X. Thon, 
in the case of the thermal precipitator grids, tb.e3e particles vara sirad 
directly froa the lantern slides with a Gaertner optica?, comparator. 
This method was selected only to eliminate the necessity of aakir^ prints* 
Hovever, since there was frequontly some difficulty in determining the 
boundaries of the particles, the plates frca the grids of the differen- 
tial fall-out collectors were photographically enlarged four tines to 
give a total magnification of 10,800X and the particles were siscd frca 
the prints. 

A few of the remaining grids with an activity count of 
less than 500,000 were picked at random and scanned to determine whothor 
they too might not yield a sufficient number of particles to obtain a 
distribution. Although some particles were found, sufficient nuabor for 
"izo distributions were not and, consequently, further scanning of those 
grids was discontinued. 

Almost without exception, the grids were so sparsely popu- 
lated with particles thct a rigid geometric photographic Bequence would 
have been impractical. Therefore, only those areas containing relatively 
largo deposits of particles were photographed, the single particles being 
•kipped whether large or small. Quantitatively, it would be hard to 
•▼aluate this bias, but qualitatively, it is known to shift the distri- 
bution in favor of the larger particles. ■ 

All diameters on both the micrographs and the lantern 
a lHofj wore measured as a projection of the maximum diameters on a conmon 
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axis. Sine* there la a certain amount of distortion inherent In the 
l«na«a of an electron microscope, particles are apparently elongated in 
a radial direction, those farthest froa the electron beaa axis being 
distorted the most. This again introduces a bias shifting the sise dis- 
tribution toward a highor median diameter, but the distortion amounts 
to less than 3 per cent and is, in fact, insignificant in comparison to 
the bias previously mentioned* It may be eliminated completely, howev» r 
by picking the aforementioned common axis of projection orthogonal to the 
radial line from the center of the micrograph through that of the pextiei, 
being measured. 

From past experience, it has been found that the signifi- 
cation of the particular RCA E1'.J2B electron microscope used for thes-i 
studies may vary as much as 10 per cent between grids since magnification 
is quite dependent on positioning and there are several relative position 
vhich may be altered vhon grids are changed. This problem may be resolve 
only through recalibration of the :iicro3cope each tice a new grid is in- 
troduced. This was not considered to be sufficiently worthwhile consider- 
ing the poor yield of particles and the other bias already mentioned. 

The particles appearing in the photogrs ?hs «ere uoasured 
with a scale ruled in 0.5 cm divisions and the sir.es t:- jcrdsd In inter- 
vals of 0.5 mm, froa 0 to 10 ma; 1 na, froa 11 to 25 ma j 5 ra, froa 25 
to 50 taj and 10 mm, from 50 to 100 m. These apparent sizes were con- 
verted in turn to microns. In all the statistical treatments of the data, 
the upper Unit of the size interval -was used. These data were converted 
to cumulative percentage and plotted on logarithmic probability paper, 
(cee Figs. 4.1 and A. 2). The best straight line betveon the twentieth 
end eightieth percentile ranks was used to determine the standard geo- 
metric deviation, cr «, and the logarithmic probability aedlan, d~, fre- 
quently referred to nerein as the median. 

The particles were measured on a comparator which had a 
least count of 0.001 cm and tabulated in order of magnitude. The nedian 
size va3 then obtained by plotting the 20, 30, £0, 4.6, 54, 60, 70, and 
80 per cent size on logarithmic probability paper. The best straight 
line between the points was used to detoraf-ne the standard deviation, 
erg, and the logarithmic probability median dg. This was in reality un- 
necessary since the 50 per cent sise could be picked out of the tabulated 
data, but was done this way for the sake of uniformity. 

Check recounts were made on some of the photographs by 
another observer and one is Included in Table 4.1. The agreement is 
within 9 per cent, the difference being due not to disagreement over 
clnss interval, but rather to the decision as to what constitutes a par- 
ticle. An estimated reliability for the diameter measurements is within 
tho reported order of magnitude. This reliability does not warrant 
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Fig. 4-.1 Cuzolfttiva Size Distribution from Therril 
Precipitator Electron Micrographs 




on as i 
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Fig. 4.2 Cumulative Size Distribution from Differential 
Fall-out Electron Micrographs 
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correlation of median diameter with distance or time from the atonic 
bomb detonation* 

TABLE A. I 



Median Disasters of Gross Samples 







Kedian 


Median 








Distance 


Diameter 


Diameter 








from 


Thoraal 


Differential 








U-2oro 


Precipitator 


Fall-out 


Standard 


Total No. 


Station 


(ft) 






Deviation 


Particlep 


103 


2,000 




0.36 


3.0 


550 


108 


3,000 


0.37 




3.2 


310 


109 


3,000 




0.26 


4.4 


453 


120 


6,000 


0.22 




2.4 


712 


120 


6,000 




0.12 


3.1 


386 


120 


6,000 




0.10 


3.7 


469<*) 


121 


6,000 


0.54 




2.2 


94 


121 


6,000 




0.2O 


3.6 


713 




20,000 


0.07 




2.4 


248 


Cumulative 




0.22 


4.0 


2,102 


Differential 










Fall-out 










l 


Cumulative 


0.22 




3.1 


1,364 


Thermal 










Precipitator 











Check recount not included in cunulative totals. 



4.1.2 The Size . Frequency Distribution of Ra dioactive . Pa rticles. 

Autoradiography is a reliable and practical scheme of 
identification and measurement of radioactive particles. In order that 
no bias be introduced in the determination of the size frequency dis- 
tribution of the particles, they should not be removed from the collec- 
tion surface during the radioautographic process. 

For this experiment, contrast radioautography was employed. 
In contrast radioautography, the multitudes of grains are rendered 



1 J. P. Mitchell and T. C. Goodale, "Cloud Phenomena: Study of Particu 
late and Gaseous Matter", Greenhouse Report, Annex 6.1. 
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devilopable into a dense black spot about the radioactive source by th--, 
©roraxpoaure of photographic esulaion to bjta pirticlea. This method, 
however, presents four orobleaj. 

Exposure tiae: If tha particles collected on the thermal 
precipitator trere aasorjd to hav3 di" ater i in tha r.mgo 10 to 10"^ ^ 
(rn±iua diffei-ence in dia-jtars, 103 y.), their activity oould vary or. 
tha ordar of 10° to 1CH ti."v)3 depending on wh-athor it la a function of 
the surface or tha voluuo of tho particlo. Therefore, po..it'.ve identi- 
fication of all radioactive particlo3 beV,..;>en 10 to 10"* ^ bocc-93 rather 
difficult, especially if tha concentration of particles per unit area la 
high, 

BacV-rjroxmd fog» l'cat ornulaiono wed in rr.dicr.ttograpL*/ are 
quite sensitive to back .round fogging, a fact which makes Id-antif icv&icn 
of waaker autographs difficult. 

Resolution of pavticlofl t f!:" ce the sise of the iilvar 
grains in the emulsion i3 in the ord;r o r 0,3 y. , partielo sisao of 0.5 u- 
diar.ater or Boiler aro quite difficult to diotln^ish fron the silver 
{rains* 

Identification of highly active particles t An actrlvs par- 
ticle, which Blight cau^e a denne autograph, nay not bo risible ucdor tha 
•tardard microsoope due to the obstruction of under stage light by t>a 
dense silver grain spots . 



4.1.2.1 Pr ocedure 

The circular microscope sampling slidea (disa- 
ster 1.8 en) from tha thermal precipitator ware renoved and counted for 
radioactivity under an end-window halogen filled GM tube at constant 
J«oaetry (appro* 5 per cont). The background count regained fairly con- 
•tant (appro* 25 to 30 c/a) during tho whole process. 

The use of U x 5 in. Eaattjan Kodak NTB type 
•tripping film, which has the emulsion on a thin cellulose ester basa 
Jacked by a celluloid support, was selected because of its ease of 
idling and low susceptibility to background fog. The film (emulsion 
cellulose aster base) was stripped from the celluloid support with 
* scalpel. The film was than cut into appropriate sizes (approi 2 x 2 a) 
411(1 placed on the sampling slide with the cellulose ester basa side in 
^tact with the particles, A warm glycerin Jelly was used as the mount- 

medium, which, after hardening, permanently mounted the particles 
/•tween the film and the sampling slide. The sampling slides were pra- 
lously cemented with Jelly o". a larger cover slide (22 x 40 ma) for 
lenience in handling, (Fig. 4.3). 
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GLASS SLIDE — 
SAMPLE SLIDE 



BALSAM 



EMULSION 



- ' ) 

PARTICLES 



FILM 
GEL 



Fig. 4.3 Section.nl View of Autoradiography Plat* 

It was deteiYiined empirically that the exposure 
time was related to radioectivity by the equation, T = ka~^, wb*re T 
oquale exposure time in hours 8Dd A equals activity in counts per minute 
per unit area. 

After exposing the films for a designated period 
of tine, they together vith the sampling and cover slides wore d^velopod 
in Kodak D-19 Developer at 68°F for 10 min, rinsed In running water for 
5 tain, fixed in Kodak Acid Fixer for 15 mtn, trashed in running cold water 
for approximately 30 min, and then dried. At no tine was separation of 
film from the glass slide containing particles necessary. 

Measurements of particles were made under the 
standard microscope by placing the sample slide together with the fil* 
on the microscope stage (with slide facing the objective). This, in 
effect, oriented the plane of the sampling slide containing the particles 
above that of the film. In addition to the substage (Eobler type) illu- 
mination using a mercury vapor leap with a blue f liter ( A= 4,358 a), an 
auxiliary vertical illuminator (either Bausch and Loob (B and L) type or 
Loitz Ultrapak) ras employed. The latter type illuminator rendered visibl* 
the active particles which v.ere situated above their autographs. The ecall 
opaque particles (eppiox 0.5 \i) causing light redioautogrephs were easily 
distinguished. The cellulose ester base separating the emulsion from the 
particles was thick enough so that a slight adjustment of the focus dis- 
tinguished the plane of the particles from the plane of the emulsion thus 
enabling the operator to differentiate the particles from the silver 
grains. 

A total magnification of approximately 520X was 
obtained us lug a 431 B and L objective and a filar micrometer ocular. 
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Tha uae of oil insertion type objectives for a higher cagnlfieation taa 
not poaaiblo because of tha thickness of the sampling slides. Therefore, 
particle aiaea snaller than 0.5 h could not bo sized. 2 

4.1.2.2 fcsulta 

All data in this c action refer to the ondorgrcrard 
ahot and are aur.aarized in Table 4.2 end Pig. 4*4* 

Approximately 20 par cent of the autographs failed 
to reveal a particle, and consequently it was asstrnsd that the particles 
roaponaiblo for those autographs wars beyond the lliait of detection* 
Abcjt one out of every four particles obaarved and measured was glassy, 
colorless, and transparunt, indicating that any auch particle whooe inder 
of refraction approached that of the gel aediua (r. = 1.50) night ba un- 
detectable, even though ita dicneter might be well above the Unit of 
recolution.3 Therefore, a rosising of tho radioactive particles -rae nada 




PI* CEHT LESS THAN STATED SIZE 

Pig. 4.4 Total Size Distribution of Radioactive Particles 



Theoretically, a smallest resolvable particle diameter using a blue 
filter and a 431 objective (Numerical Aperture, N.A. = 0.65) ia 

d = =_Jh=_ = .35 h. ' ' 

2 sin 1 2 N.A. 

boater and Schrenk, Bureau of Mines Paper R. I., (1938) p. 3368 
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with a phase microscope which n> capable of revealing very enall index 
differences • 

The recount with the phase microscope on one 
■ample decreased the rmnber of invieible particles by about 50 per cent. 
The reoaining blank autographs were asst^sd to contain raall particles 
beyond the lijnit of detection. The no%/ly detected particles were glassy 
In appearance and generally less than 1 ^ in diariatar. The frequency or 
those particles was such that a recalculation of tha over- all sir-* fra- 
quancy distribution produced no appreciable change. 

Approximately 50 per cent of all radioactiva par- 
ticles sised frcm the four sanples vare leca th»n 1,5 r i* 1 diasieter. 
The data were obtained by plotting sizes vei-sua accumulative parctnta-ca 
•f frequency on log probability graphs. The 50 per cent size is deois~ 
Bated as the geometric median diameter and the gecaetrie deviation is 
the ratio, 84£-siEo/50£-sise. 

The concentration of radioactivity (u.e/ec) and 
the concentration of active particles for the four stat:*;--. were esti- 
mated froa the radioactivity measurements and the number of particles 
sised* Since the exact volume of the cloud senpled was not knom, an 
tstinate was made by multiplying the total tina (appro* 120 niv.} tha 
thermal precipitator was in oparation by the average volu_..3 (cc) casplcd 
per minute. 

The collection efficiency of thercal precipitation 
was assumed to be 100 per cent. Also, the total volune sanpled was 
assumed to be collected equally on the two seaple plugs. 

The values computed for each station are rough 
approximations and the activity and particle concentrations may be aur- 
■ised to be the minimum values. 



4,1,3 Activity as a Function of Particle Slgo 

Activity as a function of particle size involves finding 
the activity associated with each particle size group. To establish 
this functional relation, some of the gross material deposited on the 
differential fall-out collector was divided into three size ranges, less 
than 2 u., between 2 and 20 \l and greater than 20 p. Each fraction was 
then counted to determine the per cent of total activity associated with 
•ach size group. 
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4.1.3.1 Fractionation Procedure 



The procedure for separating the particles col- 
lected by the differential fall-out collector into three aise range* i a 
essentially the sane, except for minor modifications, as that describe 
by C. K. Adams, et al.,4 in the analysis of fall-out particles collected 
at Operation GREENHOUSE. One or more sectors upon which oost of the 
Initial fall-out was deposited were selected from a differential fall- 
out tray and washed with distilled water into a clean photographic pro- 
cessing tray. The contents of the tray wore washed again into a "beaker. 
In eich case, the washing was continued until the radiat'on levcO. of th» 
sector and, subsequently, of the tray v;aa down to nornal b£c'<ground. 
Part of the contents of the beaker was transferred to two 50 nl centri- 
fuge tubes and vaa then centrlfuged for 30 cin at sufficient speed to 
precipitate all particles greater than 0.25 n In diat3ter. The super- 
natant liquid was decanted and saved. The tubes vare again filled fro* 
the beakor. This process was carried on until all parV.cles greater 
than 0.25 ^ had been concentrated *.n one 50 ml centrifuge tube. This 
precipitate was redisporsed in an Alrosol-'-water solut5.cn and ultra- 
sonoreted at 400 kc to break up agglomerates forrod by the centrifugatioa. 

The -suspension of p?-rticles collected in thii 
manner was allowed to settle through a distance of 9.5 cm for 2.5 mia. 
In this time, particles of greater than 20 jo. in dianeter P'.ttl/'d out. 
The retaining solution, in which wera contained particles of 20 u. or 
less, was decantod into a beaker. The entire operation from rodiflpsr- 
sion to decantation was ropoated three tines on the precipitate in order 
to remove tost of the particles of 20 p. or less which cay hare settled 
out with those of a diameter greater than 20 \i. 

The medium sise (2 to 20 \i) particles were sep- 
arated from the small (less than 2 p) particles by a method employing 
two concentric centrifuge tubes and a urea wster solution. 1 15-al 
centrifuge tube with a bole in the end was fitted into a 50-ml centri- 
fuge tube. The smaller tube was supported inside the larger by a cork 
through which the snaller tube extended and which fitted into the neck 
of the larger (Fig. 4.5). This double-layered tube was filled with 
30 ml of a solution of urea in water (800 g of urea in 1,000 ml of 
water). About 1 ml of the aqueous sua pension of particles was care- 
fully placed on the surface of the urea water solution inside the seller 
centrifuge tube. A cedicine dropper was used to pour the particulate 
suspension down the side of the inner tube in order that no -ixlng might 



C. E. Adams, F. R. Holden, and N. R, iTallaee, "Fall-out Phenomenology 1 ', 
Greenhouse Report, Annex 6.4. 

Dispersing agent manufactured by Alro3e Chemical Company. 
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AIR VENT ~~, 



RL3BER STOPPERS 



T 



PARTICULATE 
SUSPENSION 



UREA SOLUTION 
• 5 ML TUBE 
50 ML TUBE 



«g. 4.5 Cross Section of Double Lajwed Tube 
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occur between toe two liquids* 

It was found empirically that, when the doubl*. 
layered tubs was eentrifuged for 2.25 oln at 1,100 rpai, the great »njor. 
ity of the particles leas than 2 p in disinter remained in snapensicm 
abovo the urea solution while nost of the pxrticlos of disaster great** 
than 2 p. settled to the bottom of the larger tube. Particles of all 
fli*08 were distributed throughout the volume of the urea solution. The 
suoponaion of particles leas than 2 u. was removed from the inner tub* 
Trith An oyc-dropper and the 5nner tut* itself was removed fro* tho out«r 
In this lact operation, it *v:a noce-seary to save the liquid from thft 
iont>r tube intact for recycling. A cork -uitb an air vent was placed in 
the 1$ nl tube and the air vent was cloeed. It was then poscible to 
rrnov* the inner tube and spill its contents into another container. 
The urea solution in tho 50 ml tube was dee-utod and the precipitate 
caved. 

The ontiro 'uspension of particles less than 
20 {jl in dianotor was fractionated by this i:othod. Eucycling of the 
contents of the inner tube consisted of precipitation of the particles 
by a 30-ain centrifuge/.?. on, rcdisporsion in rater trith a seall acount 
of Alrcsol p^dod and fractionation by r.tsaua of the double-layered tube. 

Although the group of particles lying in the 
else range bo two en 0.25 and 20 n hr.d b_on separated into tvto fractions, 
cr.ch fraction vas still contealncted with particles which bole .^jed to 
the ot.bar. It tras necessary, as in the case of the large fraction, 
to purify each group to romove outsised particles. 

The lntensediate fraction (2 to 20 \i ) was pari- 
fied by redispersing the fraction in 30 nl of a wator-Alroeol solution, 
ultras onorating the suspension to break up agglomerates and contrifuging 
It for 2«5 Bin at 1,100 rpm. The supernate, containing trace quantitie§ 
of particles too small to be classified in the intermediate group \roJi 
discarded. This procedore eras ropeated three times. 

The fine fraction (less than 2 |i) was purified 
in the same way as ras the intermediate fraction with the sole exception 
that the aupsrnate vas saved and -file precipitate vas discarded. The 
120 nl of supernate accumulated during the purification process of the 
&li11 fraction (0.25 to 2 |i) was eentrifuged for 0.5 hr at sufficient 
wpoed to precipitate nil the particles in that aise range. 



A. 1.3. 2 TTeighing and, Counting Procedure 

At the completion of the fractionation process, 
each size group of particles was in the form of a wet residue on the 
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bottom of a 50 ml centrifuge tube. In order to weigh and count this 
aatarial, It was necessary to transfer the sep-rate fractions to micro- 
icopa cover glasses which measured 0»375 by 0.87$ in. and weighed approx- 
ioately 0.2 g each. By adding saall quantities of wator to the residues 
In the tubes, it was poa^iblo to malco thick sludjos which could easily 
be trcnoferri*3 to the cover glaaaaa with a a pi tula or a medicine dropper. 

In order that each sample be of constant geor.- 
•try, the material waa placed on the cover glasses a little at a time so 
that the residues spread out into circle i of fairly uniform dif-ieVjrs. 
Each deposit wa3 allowed to dry before mora material was f.dded. The 
■anples were oven dried acd weighed. Since tho weight of each dry covor 
gl.f.8a was detoraiinsd btif or oh.and , the true Trei^ht of the sample was easily 
de terrain od. 

Tha intermediate and fine fractions from a single 
analysis were mostly of sufficiently small amount and formed such a hard, 
compact residue on the cover glasses that gonerally each could bo con- 
tained on a single cover glass without dnnger of beln^ shaken off ths 
glass or of being so thick a3 to introduce self -absorption errors) In tha 
subsequent counting. This was not the cose with the large fraction 
(greater thsn 20 ja) obtained from the underground shot wherein the size 
of individual partlclea was so larga that th-->j --ould roil off the cover 
glass or, if the entire fraction wore placed on the cover glass, fora 
inch a mound of materia! that eelf-abaorption effects vould att'dtn parl- 
ous proportions. 

For theee reasons, each large .fraction obtained 
from seotors exposed to the underground shot wa3 weighed In its entirety 
in a watch glass end wa3 then split up into about eight parts, each on 
an Individual cover glass. Like the glass sectors used in the field, 
each cov^r glass was coated with a film of carbovrax to keep the particles 
in place* 

a gas flow proportional counter with a aide win- 
dow chamber built by the Instruments Branch of the USNRDL was capable 
of counting at. a rate of 2 x MP c/a without the need of correction 
factors. Since tha most active individual cover glass sample had a 
counting rate of the order of 105 c/m, this counting system was well 
*bl© to handle the material obtained from both bursts. This counter was 
&ot available for the counting of the surface ehot samples. Therefore, 

IDL 161-G scaler attached to an end window halogen filled tube in 
* lead castle was used for the counting of all surface shot fractions. 
*ae activity of the samples collected from the surface shot was so low 
that the limited counting rate of the latter system waa no handicap, 
However, no comparison between the results obtained from the surface 
■hot and those obtained from the sub-surface shot is possible except in 
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those cases where the results are Independent of the counting aystea 
used. 

4.1.3.3 Results 

Tables 4*3 end 4.4 give the results of the anal- 
ysis of the three sl2e fractions from e?.ch of eight trays taken froa 
b^h underground shot and surface shot. The trays are identified accord- 
ing to tha station at r'lich they were exposed. 

TABLE 4.3 



Radioactivity vs F^rticle Sise for the Curface Shot Fall-out 



Size 

Fraction 


Count 
Corrected 
to S 24 
Days 

(c/»)< a > 


Counts 
per 

Unit 
Height 

(c/a/g)^ a; 


Weight 

of 
Fraction 

(g) 


Per Cent 

of 
Actirity 


Station 19, Sectors 12, 13 


S"sn, <2 

V.cdlxm, 2-20 
Large, >20 


8 

32 
773 


2.1x10^ ! 0.0038 
1.5x10? I O.Q?!\ 
13.1x1c 3 0.0590 


1.0 
7.9 


Station 33, factor 7 


Stall, <z 
iiediun, 2-20 
Large, >20 


0 
0 

1,804 


0 

5.7x10* 


0.0004 
0,0038 
0.0316 


0 
0 

100.0 


Station 29, Sectors 2, 3, 4 


SLall, <2 
Itediun, 2-20 
Large, >20 


0 
75 
4,818 


0 

1.5x1 Of, 
2.9x10* 


0 

0,0049 
0.0168 


0 

1.5 
98.5 


Station 29, Sectors 14, 15 


S; all, <2 
L'c-dium, 2-20 
Large, >20 


80 
1,259 
18,882 


1.0xlo5 
3.0X1W 
2.0x10° 


0,0008 
0.0042 
0.0094 


0.4 
6.2 
93.4 



Corrected to 100 per cent geometry. 



The selection of particular sectors from a tray 
waa not random. A prel imin ary monitoring of the entire tray indicated 
which area vas the most active and only those sectors which constituted 
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this ana vara reaoved for analysis . With the exception of Whoel 29, 
Sectors 14 and 15, the sectors chosen were those which contained the 
initial heavy fall-out. 

TABLE 4.4 



Radioactivity va Particle Size for the Underground Shot Pell- out 



Size 
Fraction 
( 


Count 
Corre ctod 
to U 20 


Count 3 
per 
Unit 
Weight 

(c/tyg) (a> 


Weight 
of 

Fraction 

(g) 


Par Cost 

1 

Activity 1 




Station 102, Sector 8 




Saall, <2 
Mediun, 2-20 
barge, >20 


746,324 9.6x10* 0.0078 
230,816 4.0xLCP 0.0582 
7,304,565 c ;JX.O 0.7763 


1.0 
3.0 
70.O 




Station 120, Sector 1 




Snail, <2 
Madiun, 2-20 
Large, >20 


38,825 ll.SxloJ 0.CO33 
256,611 6.5x10? 0.039; 
5,028,133 12.2xlCP 0.4119 


0.7 

4.3 
94.5 




Station 133, Sectors 9, 10 




Saall, <2 
Mediun, 2-20 
Large, >20 


53,408 6.4xl0j 0.0083 
223. ,384 3.3x10° 0.0676 
11,088,397 12.6xlCP 0.3821 


0.5 
1.9 
97.6 




Station 108, Sector 1 




Saall, <2 
Mediun, 2-20 
Large, >20 


109,377 9.9xic£ 0.0110 
269,395 4.8x100 0.0211 
10,001,930 9.6xlCP 1.0382 


1.1 
2.6 
96.3 




Station 129, Sectors 7, 8 




Snail, <Z 
Mediun, 2-20 
Large, >20 


96,755 10.5x1c 6 . 0.0092 
451,799 5.3x106 0.0859 
8,952,487 12.0xl06 0.7433 


. 1.0 
4.8 
94.2 



Corrected to 100 per cent geometry. 



Since the counting process extended over a period 
°f several days, each count had to be corrected for decay. Gross decay 
curves determined from some of the same differential fall-out collectors 
^•vi in thiB analysis ware prepared by the Nuclear and Physical Chemistry 
Branch of the USNRDL. The3e curves were available for Stations 102, 103, 
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106, and 19. The three underground shoe curves did not agree as to slop, 
on log-log paper because of the inhoraogeneity of the f^ll-out from place 
to place in the shot area. However, there was sufficient agreement aa<*j» 
them in the region of U + 20 to about D + 60 days to validate the use 0 f 
any one of the curves for correcting counts from any underground shot 
station for decay. The decay curve for Station 103 wa"s used for adjust- 
ing all the counts because the ezpsrirjental points determining it shoved 
the least variation from the curve in the critical rogion (U + 20 to 
U + 60 days). 

Because of the sparse fall-out resulting from the 
3urface burst, only one fall-out collector, that at Station 19, was ana- 
lyzed for gross decay. This curve caa used for adjusting the surface 
shot counts to S + 24 days. 

The underground shot samples were analysed for 
radiochemical composition. The results are presented in Table 4.5. It 
is significant to note that there are definite differences in radiochea- 
ical content of the three siz-3 fractions. Since the fall-out material 
was dissolved before analysis, the inherent self -resorption errors pres- 
ent in the values of Tcbles 4.3 «nd 4.4 are greatly rr.'uced. 



TABL5 4.5 



Variations of "Product Activities with Three Size Fractions 
68 Days after Bop.b Detonation 









Activity 









(c/a/mg 


soil) («) x 10**3 


Per Cent of Total 


Element 


Large 
(>20 n) 


MediuB 
(2 to 20 n) 


Small 
(<2fx) 


Large 

(>20 u) 


Medium 
(2 to 20u) 


Small 

(<2u) 


Rare Earth 

Ba 

Sr 

Zr 


19.1 
0.675 
0.436 
6.24 


4.46 
0.375 
0.298 
0.442 


4.70 
0.385 
0.288 
0.234 


67.3 
2.4 
1.5 

21.9 


76.0 
6.4 
5.1 
7.5 


79.2 
6.5 
4.26 
3.95 


Ru 106 


0.236 


0.0699 


0.141 


0.83 


1.2 


2.38 




1.74 


0.216 


0.191 


6.14 


3.7 


3.*2 


Total 


28.43 


5.861 


5.939 


100.07 


99.9 


100.11 



Corrected to 100 per cc-nt geometry. 
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4.1.4 The. Identification of Co llected Material and Correlation 
with S ource Material 

In order to characterize the fall-out material chemically 
and determine the effect of the parent material on th<j physical and 
chemical characteristics of the radioactive fall-cut, petrogrophlc su.r~ 
veys, siiee distributions and certain analyses were rade on both the 
parent and the fall-out material. 

In the chemical identification of the material, th3 0 to 2 
fraction of the parent soil was separated and subjected to addition.';! 
analysis in order to determine the clay constituent. A combination of 
x-ray diffraction, electron microscope, differential thennal analysis, 
and dehydrat'.on techniques was employed in this pha3e. The rcr^ainins 
bulk of the soil sample w*a investigated by petro$raphic microscopy, 
spectrochemlcal analysis and by standard Department of A#ricultur3 sise 
distribution determinations. The radioactive portion o f ' the fall-out 
was examined petrographically and spectrochesdcally and the bulk fall- 
out material was sized in accordance with tha Department of Agriculture 
method. 

The soil samples from 0 to 6 ft were obtained with s. shovol. 
The deeper core samples were procured from tha U. S. G-oolc^icp.''. 3-.tr/oy. 
They were obtained with a churn drill and represented coupon it* s^.ipljs 
of 10 ft intervals in depth. 

Additional standard soil tests which were made to further 
characterize the soil at this location are described in Appendix C. 



4.1.4.1 Petrographlc Analyses 

The sand was sieved into various sizes and a pre- 
liminary microscopic examination was made of the sand in each sieve aise. 
The size classes into which the sand was sieved ere as follows t 

Mesh (U.S.) 

4 
8 
16 
30 
50 
80 
100 
230 
pan 



Size (mm) 

4.760 
2.380 
1.168 
0.595 
0.297 
0.175 
0.U9 
0.062 



(A) 



00 
(C) 
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The sand In three different size clflcaen, dentg.. 
nated (A), (B), and (C) above, was analyzed in detail. The sand between 
2.380 and 1.168 mm, (A) , waa examined with the aid of a stereoscopic 
microscope. Each of the finer portions (B) and (C) was split with an 
Otto microsplit to approximately 1,000 grains of sand and of these app roj> 
iaately 300 wero identified under the petrographic microscope. The coa- 
position of the sand is shown in Table 4.6. 

TABLE 4.6 



Petrographic Analysis of Sand 



Constituent 


Constitution of Fractions 

Retained on Sieves^ 6 ) 

% by Number 
(A) (B) fC) 


Constitution of Whole 
Sanple< b ) 
% by Number 


Quartzite 


5.2 






0.7 


Limestone 


0.2 






0.1 


Acid Volcanic 


80.0 


— • 




10.4 


Caliche 


1.6 






0.2 


Sandstone 


2.4 






0.3 


Quartz 


5.0 


6.4 


2.8 


4.3 


Schist 


4.0 






0.5 


Punice 


0.2 






0.1 


Granite 


0.2 






0.1 


Alkali Feldspar 




25.1 


31.7 


25.2 


(orthoclase) 










Line-Alkali Feldspar 


1.2 


17.4 


15.3 


14.1 


(plagioclase) 










Biotite 




7.0 


4.4 


4.8 


Chlorite 




0.7 


2.0 


1.3 


Volcanic Glass 




6.4 


3.2 


3.9 


Zircon 




0.3 


2.0 


1.2 


Altered Feldspar 




33.4 


37.8 


31.3 


Opaque Minerals 




3.3 


0.8 


1.5 


Rutile 




* 


trace 


trace 


Total 


100.0 


100.0 


100.0 


100.0 



Based on the examination of 300 particles in each sieve fraction. 



Baaed on grading of the sand and on the distribution of constituents 
by sieve fractions shown at the left above. 
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The sand betveon 2.380 and 1.163 mm (A) constats 
predominantly of acid volcanic grains, probably rhyolita, with minor 
amounts of pink quartsite, clear quartz, and ferruginous nlcacoous schist. 
Very small amounta of gray liaeatone, fine grained sandstone, granlts, 
pu.il ce, plagioclaae feldspar, and caliche are also preoent. The colors of 
the add volcanic grains include pink, red, violet, and pel* yollovish- 
orange. The grains ara soft and csn be brokan easily with alight pres- 
sure. Scae of the volcanic granules are porphyritic and contain quart:; 
and hornblende phenocrysta embedded in a denca groundr-ass. Tbct qu;\rts 
phenocryats are short stubby horagonal crystals teminated by equally 
developed pyrcnid faces; quarts of this type Is kncrm as "high" qtiartx 
or "beta* quartz and waa probably for wed abovo 573°C» The ferruginous 
micaceous achiots are vaferlike, soft, and foliated and break easily In 
a direction at right angles to the foliation. In color, they are gray, 
grayish rod purple, and very dusky red purple. 

The sand between 0.175 and 0.149 «a (B) consists 
principally of feldspar , with minor amounts of quarts, blotito, opaque 
minerals (probably magnetite), and volcanic glass. Very snail ar.onnts 
of chlorite and sircon are also present. Altered feldjpar grains account 
for approximately 33 per cent of this portion of the sanple and are neon 
to consist of aggregates of cryptocryotalllne silica, ssrioite, clay 
particles, and parts of unaltered feldapir fragaents. Many of the altorod 
feldspar grains show myrr:skltic patches. The coaparativfly fresh feld- 
spar grains consist of orthoclase (ccr.s sanidine) and plagioclaoe, Tha 
coaposition of the plagioclase probably falls between albite and oligo- 
clase, (Ab90Anl0), although measureujente are difficult because twin 
planes, when preaent, are obscured by alteration products. 

The sand between 0.149 and 0.062 ma (C) consists 
of the same minerals as the sand between 0.175 and 0.149 mm* Feldapor, 
In all stages of decomposition, Is the major constituent. 

Petrographic analysis of the fall-out material 
•as made with a petrographlc microscope. A nuaber of radioactive fall- 
out particles from both the surface and underground shots were exazained 
to determine their mineralogies! compositions. 

The particles smaller than 20 \i wore first re- 
moved from the samples by repeated sedimentations. The larger particles 
••re then dispersed in a dilute solution of gelatin in water and spread 
°*sr Eastman kodak nuclear track plates, type NTB. The plates were ex- 
Posed for a day or two in a light-tight box and were then removed and 
developed. The radioactive particles were easily identified by the halo 
•f blackened film around them. These particles were removed by first 
loftening the gelatin with a drop of water and then picking up and trans- 
ferring the particles, with forceps, to clean glass slides. 
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Moat of the active particles examined vera about 
50 to 400 H in diameter. Tha particles were composed exclusively of 
glass with varying amounts of included ainaral fragments. 

Approximately 1 to 4 par cant of tha partlclM 
ware glassy spheres ranging in size up to about 40 n in diaaeter. Moat 
of these spheres were transparent and ware either colorlesa or a pale 
blue-green or amber color. Occasionally one was found which bad a black 
pitch-like appearance. ▲ few of the glassy partioles exhibited tear- ' 
drop shapes. 

!?oat of the radioactive particles were irregularly 
shaped, white to gray colored, translucent to opaque, and had a super- 
ficial resemblance to the aineral grains with which they were nixed. 
However, upon crushing these particles they were found to be glass with 
sons included snail mineral grains. The opacity of the particles was 
due to aany included bubbles and tube-like cavities. The mineral frag- 
■ante included anount to 5 to 20 per cant by volume of the total particle 
but were too small to be identified positively except in one instance 
in which a fragment was found to be quartz. However, the fragments had 
indices of refraction and btrefringenciea close to those of quartz and 
the feldspars. Since about 85 per cent of the soil near the shot points 
was composed of these minerals, it seems probable that most of the crys- 
talline material included in the glass was quartz and feldspar. Theae 
fragments were angular and shoved no signs of fusion. Apparently the 
vaporous material in the ball of fire condensed upon these fragments 
during the cooling stage of the cloud. 

The number of radioactive particles was less than 
1 per cent of the total number of grains on the plate. Judging from the 
sizes and intensities of the darkened areas of the film around the active 
particles, the intensity of radiation is apparently not proportional to 
the size of the particle. 



4.1.4.2 Spectrochemlcal Analyses 

The following samples were analyzed spectrocbea- 

icallyi 

1. Soil, 0 to 3 -in. level. 

2. Soil, 17-ft level. 

3* Fused glassy spheres from the surface shot. 

4, Fused glassy spheres front the underground 
shot. 

5. Irregular, translucent grains from the under 
ground shot. 
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These results are presented In Table 4.7 end show 

• close correlation between the elemental composition of the soil and the 
active fall-out particles. 

TABLE 4.7 



Spectrochemical Analysis of Soil and Fall-out 





Soil Sample from 






Irregular 




Underground Site 


Glassy Spheres 


Translucent 
Grains 




(*) 






Underground 


Underground 


Bleuent 


0 to 3-i-n/ 


17-ft 


Surface Shot 


Shot 


Shot 


Al 


V.S. 


V.S. 


S 


S 


S 


B 


T 


T 


N.D. 


N.D. 


N.D. 


Ba 


T 


T 


T 


T 


T 


C 


W 


W 


N.D. 


N.D. 


N.D. 


Ca 


v.s. 


V.S. 


V.S. 


V.S. 


V.S. 


Cr 


T 


T 


T 


w 


f 


Cu 


T 


T 


W 


w 


w 


r« 


S 


S 


S 


s 


s 


Ga 


T 


w 


N.D. 


N.D. 


N.D. 


K 


If 


M 


N.D. 


W 


V 


Kg 


V.S. 


V.S. 


S 


s 


s 


Mn 


M 


11 


w 


w 


w 


Na 


M 


u 


s 


s 


s 


Hi 


T 


T 


T 


T 


T 


Si 


V.S. 


V.S. 


V.S. 


V.S. 


V.S. 


Sr 


T 


T 


T 


T 


f 


Ti 


W 


W 


N.D. 


w 


w 


V 


T 


T 


N.D. 


N.D. 


N.D. 


2r 


N.D. 


T 


T 


T 


T 


U ^ T = 0.001 - 0.01$ 


ft 


= 0.01 - .1% 


If = 0 


.1 - 1% 


8=1. - 102 


V.S. = <10% 


N.D. = 


Not Detected 



4.1«4.3 Size -weight Distributions 

A sieve and hydrometer analysis was made on soil 
•ampieg from the underground shot site taken at the following depths* 
0 to 3 in., 5 to 6 ft, and 17 ft. The sample from each depth was passed 
through sieves including, and coarser than, No. 4. A representative por- 
tion of the material passing the No. A sieve was oven dried and a 100 g 
°' the dried fraction was slaked overnight in water. The soil was then 
dispersed in an electric mixei- for about io min and then tested for 
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gradation of the fines by making up a 1 liter suspension in a cylinder art 
neaauring the specific gravity of the auepension with a soil hydrometer 
The suspension included gum arabic in solution as a deflocculating ag* n t 
After the hydrometer test, the same soil fraction wps washed through a 
No. 270 mesh sieve, the retained material dried and a dry sieve analyst 
cade* The complete analysia waa computed from the results of preliminary 
screening, dry eieve analyaia of soil retained on the No. 270 sieve, ^ 
the hydrometer test. 

i else analysis vaa also done on both pre-teat 
soil and fall-out by the pipette method essentially aa used by the U. S 4 
Dopsrtient of Agriculture.* In thla r. athod, the eeuple passing a 2»ra 
sieve is treated with hydrogen peroxide, washed and filtered through a 
porcelain filter to remove organic natter. The sand is separated from 
the allt and clay by walking the dispersed staple through a 300 r.esh 
sieve. Sodium raetaphosphate ia used as the dispersing agent. The Sfu;d 
fractions are separeted by sieving end the 20-*, 5-, and 2-\x. fractions are 
obtained by sedimentation and pipetting. The oven-dry, organic-free 
staple weight is used as the base weight for calculating the percentage 
of the various fractions. 

The method used differed from that described" in 
tb.it a 2-t.a rectangular -holed sieve was used instead of a 2-r^s round- 
holed sieve; a Coora filter cylinder, porosity No. 5, was used ir stead 
of a Pasteur-Chamberlain filter of "F" fineness, and hand sieving was 
used instead of a mechanical shaker. 



The results of the analyses are suronariaed in 
Tables 4.8 and 4*9 and In Figs. 4.6 and 4.7. 



TABLE 4.8 



Sieve and Hydrometer Analysis of Pre-test Soil Sanples 
at Underground Shot Site 





Depth at ffhlch Sex;ple Taken 


Size 


0 to 3 In. 


5 to 6 ft 


17 ft 






GR/.VEL 






(per cent less than stated siae) 


2-in. 




100 








03 





^ V.J. Kilmer and L. T. Alexander, "Methods of Making Mechanical Analysis 
of Soils", Soil Science . LXVIII (1949), 15-24. 
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TABLE 4.8 (Continued) 



Sieve and Hydrcneter Analyal3 of Pro-test Soil Samples 
*t Underground Shot Site 





Depth at Which Sarcpla Takon 




0 to 3 in. 


5 to 6 ft 


17 ft 






GRAVEL 






(per cent less than stated 


size) 


3/4-1* . 


100 


97 


98 


1/2- in. 


98 


94 


95 






SAM) 






(per cent leas than atated eize) 


Ho. 4 Sieve 


91 


88 


80 


Ho. 10 Sieve 


84 


83 


65 


Ho. 30 Sieve 


77 


73 


42 


Ho. 60 Sieve 


68 


58 


27 




SILT OR CIAT 






(per cent le 


SB than stated 


sise) 


Ho. 270 Sieve 


20 


22 


9 


2 f* 


5 


7 


1 



4.1 ,4 .4 Cftey Analyses 

The less than 2 h- fraction of the surface soil 
frost surface shot sero wao used for a clay analysis by X-ray diffraction. 
This fraction was obtained as follows: the material passing a 2-sa 
■ieve was dispersed for 10 sin with distilled water in a mechanical dis- 
persion cup fitted with baffles. The suspension was then allowed to 
settle in a tall, straight-sided glass vessel until particles greater 
than 2 ja effective diameter bad settled out beyond the dosirad depth. 
The suspension containing the less than 2 fi particles was siphon -Jd off. 
The remaining materiel vaa again shaken with water and allowed to settle 
*&d then siphoned off. This process was repeated until the liquid 
•Ppaared fairly clear after the required settling time. The suspension 
removed by siphoning was concentrated by means of the Coors porcelain 
'liter and by supercentrifugation. After concentration the less than 
2 k material was dried with the s 4 d of an infrared lamp, and ground to 
P*as a 60-mesh sieve. 
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TABLE 4.9 



Compariaon of Particle Size Distribution (by Weight) of Pre-t^et Soil 
Samples and Ffll-out Determined by Sieve and Pipette Analyale 



v -.irsssaaEsassaas 

Fraction 


So.iJ>J 


UFl^J 




Cunrula- 
Actual tive 
Per Cent Per Cent 


Cvcrala- 
Actual tire 

Per Cent For Cont 


Cumula-" 
Actual tire 
Per Cent Per Cent 


SAND 1 


Very coarse 

2-lim 
Coarse 

1-0.5 bus 

iiediua 
0.5-0.25 mm 
Fine 

0.25-0.1 urn 
Vary fine 
0.1-0.05 mm 


30.53 99.27 
8.81 68.69 
0.48 59.88 
27.52 59.40 
11.25 31.88 


37.79 99.38 
9.45 61.59 
0.78 52.U 

22.43 51.36 
9.86 28.93 


28.84 100.54 
8.80 71.70 
0.39 62.90 
7.28 62.51 

14.10 55.23 


SILT 


0,05-0.02 ran 

20-5 H 
5-2 \i 


8.58 20.63 
3.52 12.05 
2.67 8.53 


7.02 19.07 
4.83 12.05 
1.93 7.22 


19.60 41.13 
10.07 21.53 
4.17 11.46 


CLAT 


2-1 u 

<1 n 


1.17 5.86 
4.69 4.69 


0.50 5.29 
4.79 4.79 


2.00 7.29 
5.2? 5.2? , 



Soil samples taken 0-30 ft from U-xero, 

mi = Fall-out from the station 300 yd north of U-zero on north leg. 



(c) 

UG3 = Fall-out from the station 600 yd north of U-zero and 300 yd 
west of north leg. 



X-ray diffraction patterns were determined on 
this materiel untreated and after glycerol solvation. The results of 
this analysis are tabulated in Table 4.10. 

The 3.34 and 3.04 £ lines indicate the presence 
of orthoelaee and the 9.93, 4.47, 3.34, 2.58, 1.93, and 1.49 A lines in- 
dicate the presence of a biotite-auscovite-hydrous mica-type nineral. 
The lack of a 17.7 a line with glycerol solvation indicates absence of 
rrontaorillonite, end the lack of a 7.2 i line indicates the absence of 
kflolinite. 
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TABLE 4.10 



X-ray Diffraction Data 



Wave Length 

d) 


Intensity 


9.93 


Very Very Weak 


4.47 


Broad Strong 


3.34 J 


Strong 


3.04 


Strong 


2.58 


Broad Strong 


2.28 


Medium 


2.125 


Weak 


2.090 


Weak 


1.93 


Broad 


1.907 


Moderate 


1.870 


Moderate 


1.814 


Moderate 


1.541 


Very Weak 


1.498 


Strong 


1.372 


Weak 


1.291 


Weak 



Differential thermal analysis is a useful technique 
in identifying the clay mineral fraction. The principle involved ia that 
the release of water (which appears as endothenoic breaks in the differen- 
tial curves) at a temperature above 200°C takes place at a specific tem- 
perature for each mineral. The apparatus used in the analysis was described 
by Page." The apparatus records the temperature at which a temperature 
change takes place in the sample relative to the temperature change in an 
anhydrous reference material (e.g., aluminum o;d.de) which ia being heated 
*t the same rate. 

The endo thermic break around 130°C on the differ- 
ential analysis curve (Fig. 4.8) indicates the presence of hydrous mica 
°r aontmorillonite . The exothermic break at 80O°C probably indicates a 
trace of chlorite. This analysis also confirms the absence of kaolinito. 

Electron micrographs were made of the less than 
2 V- fraction of the soil obtained from the 17-ft depth at the underground 



J. B. Page, "Differential Thermal Analysis of Montmorillonite", Soil 
Science., LVT (1943), 273-283. 
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Fig. 4,8 Differential Thermal Analysis of Pro-tost Soil « 2 u- Fraction) 
fron 17-ft D-pth Underground Site 

chot Bite. The less than 2 u. fraction \cas obtained by ouceeflnive sedimao- 
tatlons as described above. Aliquots of the cut pension recovod by siphon- 
ing were dispersed by one of the follo-.lng i_ot'?odsi rddition of eodiua 
cotaphosphate plus eodiua carbonate, ultrasomration, and addition of 
sodium mataphosphate plus sodium carbonate after the colloid had been 
washed and filtered three tines us5ng rater as the washing agent. 

After any of the above treatusnte, the suspensions 
wore placed overnight in a shaking machine at 120 oscillations per minute. 
After shaking, the suspensions wore dioporBed as an aerosol and eollacted 
on electron microscope grids and on optical slides using the oscillating 
thermal precipitator. 

Positive identification of clay Minerals with ths 
electron Microscope is not, at present, completely possible. However, 
in combination with otbar methods (chemical, optical, thermal, and X-ray) 
electron Hi cro graphs are helpful in establishing the presence or absanoi 
of certain clay types. In thie instance, kaolinite *as not found, con- 
firring the results obtained by X-ray diffraction and thenral analysis. 
A trace of a mineral xrhlch resembled halloysite was found. The bulk of 
the taterisl appeared to be primary mineral fragments rather than clay 
rtnerals. 

- 4B - 



A dehydration curve (fig. 4»9) was run on the 
Uaa than 2 n fraction of aoil from the 17-ft depth of the underground 
ahot site. The date obtained from this curve were not specific or char- 
acteristic enough to perait identification of the clay components . 



4,1.4.5 Plf cu gsio^ 

The petrographic exanir^tion indicated that all 
the active particles wera of a fuaed glassy material. The cpoctroch^nJ.cal 
analyses shoved that they were of the Bare elor.antal composition as the 
parent soil except that boron and carbon were missing. Their absenco 
probably occurred becau.'v:) they are more readily volatilized. 

The analyses of the lees than 2 \x pre-test soil 
fraction by- X-ray diffraction, differential thermal analysis, electron 
■icroacopy and dehydration indicated that this material had the following 
approximate composition : 30 to 50 psr cent poorly crystalline hydrous 
aiea type clay mineral, traces of chlorite at- J possibly halloyslte, end 
finely divided primary mineral fragments. 

The particle size dietrlbuticn curves for the 
0 to 30 ft pro-teat sample and the UF1 and UG3 fall-out samples ar^ re- 
■arkably similar in shape. Consideration of these curves seams to in- 
dicate that the effect of fracturing on particle Bize is mininel and that 
the decrease in median diameters is due mainly to a scd lean tat ion effect. 
A detailed study of the greater than 2 nn fraction, necessary for the 
proper evaluation of the ex-tent of fracturing in soil particles, was not 
*ade. 



4.2 FALL- OUT DISTRIBUTION 

4.2.1 Time Distribution of Fall-out 

In investigating the time distribution of fall-out from the 
differential fall-out wheels, it was necessary to measure the radioactivity 
continuously around them beginning at the sectors exposed at shot time. 
To accomplish this a special housing and probe for the differential fall- 
out wheels were designed (Fig. 4.10;, The housing was circular and a few 
inches larger in diameter than the wheels. It contained a turntable which 
could be rotated by a knob extending through the housing and engaging the 
turntable on its periphery. By means of a series of equally-spaced notches 
on the periphery the turntable could be repeatedly rotated one-eightieth 
of a revolution at a time. 

The top of the housing was made removable for placing the 
differential fall-out wheels on the turntable. The housing completely 
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Fig. 4.10 Dlffarential Pall-out Counting Apparatus 
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enclosed the turntable and wheel except for a radial section cut into the 
top for the probe. The window of the probe was 0.5 mil aluuixum foil and 
rested 0.625 In. above the surface of the differential fall-out. wheel. 
This window was 10 in. long and tapered in width from 0.25 in. near the 
center of the wheel to 1 in. at the periphery. The window was partieliy 
shielded by aluminum from all parts of the underlying differential fall- 
out wheel except for the sector directly beneath the window. 

The probe t?qb the gas-flow, proportional counting type 
that used a mixture of 90 per cent argon and 10 per cent carbon dioxide, 
k three-jtage feedback pre-amplif ier which fed into an Atomic Instrument 
Company scaler was built into the probe. 

In the first step of the counting procedure, the top of tba 
housing was removed and the wheel placed on the turntable with its starting 
cark dirtctly beneath the probe vindow. The top of the housing and the 
probe were then replaced. By successively taking a 1 pin count at each 
of the eighty positions around the vbsel, a reliable measure of the rela- 
tive distribution of the radioactivity was obtained. Because of the high 
level of radioactivity on eoae of the underground shot wheels, it was 
neccrsary to use a 1/16 in. aluminum absorber over the counting tfindow. 

From the relative distribution of the radioactivity around 
the wheels and the times of their rotation, graphs were constructed shov- 
ing the variation of fall-out with time. 

To make a qualitative comparison of the activity on the 
wheels at different stations, all the counting data were corrected for 
decay hack to shot tine plus 1 day by use of decay curves prepared froa 
surface and underground shot fall-out samples by the Nuclear and Physical 
Chemistry Branch of the USKRDL. Attention is called to the fact that 
some of the wheels were counted vith an abscrbor which rrakes it impossible 
to compare them directly with others counted vdthout an absorber. Due 
to the heterogeneity of the fall-out samples, no unique correction factor 
was found which could be applied to the counts made with an absorber to 
coap3nsate for the effect of the absorber. 

It should be emphasized that the graphs are reliable only 
in indicating the time of maximum collection of radioactivity on tbe 
wheels. The width of the peaks on the graphs are exaggerated by the un- 
absorbed gamma radiation from the more radioactive sectors of tbe t;heel 
v?hich caused an increase .In the counting rate of the adjacent sectors. 
Also, the magnitudes of the largest maxima are unreliable since the 
counting rates were so high that appreciable coincidence losses occurred. 

Following the surface shot, the fall-out tvas distributed 
in a long narrow swath extending north from the shot point. The line of 
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jlfferential fall-out collectors extending N10°K fron th* shot point fell 
rithin the edge of this fall-out area. Of thoao collectors only two re- 
•tired a significant amount of fall-out and operated satisfactorily. The 
i«t« from these two Stations, No3. 29 and 33, have been plotted end aro 
( !u3»n in Figs. 4*11 and A. 12. 

From Fig. 4.11, it ia apparent that tho radioactive fall- 
nt reaching Station 29 a:rrived in t-nro major vavoe. The duration of the 
first wave was apparently from approximately 8 to 23 min after 3hot tL.o, 
icd the second from about 60 to 100 min after phot time. Considering 
'iat the diatance of thia station was 14,000 ft from the shot point, it 
'a avident that the initial fell-out must have* traveled with an avor,?^o 
Horizontal speed of about 20 mph to reach the Btation in 3 mix. 

From an inspection of the graph for Station 33 (Fig. 4.12), 
It ia seen that practically all the activity reached the station in one 
ujor wave which arrived about 10 min after thj shot. Since Station 33 
•a located 20,000 ft from the shot point, the initial wave of fall-out 
«at have been traveling with an average horizontal speed of about 23 "ph. 

Following the surface shot, the atomic cloud rose to a 
*ight of 11,000 ft above sea level. At this elevation, ths wind had a 
Mocity of about 40 aph, N20°E. The velocity of the surJV.ci Kind wes 
*Iy 2 nph. It is evident that the fell-out raterial must hive besri 
'•ranaported by the high velocity winds aloft rather than by tha ex. rfs.ca 
*t&ds to reach the outer stations in the observed time. 

The complete absence at Station 33 of the second wave of 
hll-ont, so well developed at Station 29, is surprising. However, during 

laboratory examination of the fall-out samples from these stations, 
*t was found that practically all the radioactivity in each sample was 
Counted for by a very few, intensely radioactive, glass spheres approxi- 
*tely 0.5 to 2 mm in diameter. Each of these spheres was sufficiently 
*Uv e to cause a maximum in the graphs. This meager numbar of radios ctiva 
*?ticles in the fall-out Introduces a large element of randomness into 

'all-out distribution, which factor makes correlation between adjacent 
^itiona difficult. This difficulty was not encountered at the undor- 
P°und shot where each sample contained a large number of radioactive 
Nicies. 

. The apparent increase of activity at the end of the graph 

* Station 33 is typical of most of the graphs. It is caused by the 
5*ksorbed radiation from the highly radioactive material on the first 
7*t of the wheel. This material increases the counting rate of the 
* c k>r to which it is adjacent at the end of the run. 
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Fig. 4.12 Fall-out as a Function of Time, Station 33 
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The fall-out froa the underground shot was distributed i D 
• broad area extending generally NNE of the shot point. Included with!* 
this area were two lines of differential fall-out collectors extending 
B5°W and N35*>E from the shot point. Data from the differential fall-out 
collectors located at Stations 102, 108, 129, 133, and 134 were success- 
fully obtained! the resulting graphs are shown in Figs. 4.13 to 4.17, 

Prom the graph for Station 102, it is seen that most of the 
activity apparently fell out in three wares ohich passed the station at 
about 0«5, 2, and 4 Pin following shot time. The fall-out at Station 108 
apparently continued over a greater length of time, maximum fall-out 
occurring at about 1.2$, 4, 8, and 10 min following shot time. S' atione Iqj 
and 108 vara situated edjacont to each other at distances of 2,000 and 
3,000 ft from the shot point, respectively. However, there is no apper«at 
correlation between fall-out arrival times at tie two stations. It is rot 
possible to compute accurately the average horizontal velocity of the 
initial fall-out material from the shot point to these stations as the 
uncertainty in the starting tijnas of the wheels varied froa 10 to 30 sec, 
an appreciable fraction of the time which elaj>?od between the shot and the 
arrival of the first fall-out. 

Stations 102 and 108 were located elope anovjb to the shot 
point to be T.lthin the area affected by the base surge and throw-cut froa 
the shot. Photographs show Material falling from the cloud into this 
area in streamers and irregular clunps. This probably account? f or fae 
apparent irregularity and lack of correlation of the fall-out distribution 
for these two stations. 

From the graphs for Stations 129 and 133, located 14,000 
and 20,000 ft, respectively, from the shot point, it is seen that moat 
of the radioactive fall-out arrived in one wave which reached Station 129 
at approximately 7 min, and Station 133 at approximately 6 min, after 
shot time. Why the fall-out should reach the more distant station first 
is inexplicable. These arrival times indicate an average horizontal 
velocity of the fall-out material of 23 and 38 uph to Stations 129 and 
133, respectively, from the shot point. The top of the cloud at the under- 
ground shot reached en elevation of approximately 9,000 ft above sea level. 
At this elevation, the vind velocity about 21 iuph in the direction 
N40°E (Stations 129 and 133 were N5°W from the shot point). At lower 
elevations the rcind velocity ras even less and decreased to 4.5 mph at th« 
surface, ffhile it seeus possible the initial fall-out material could have 
been carried by the high winds and have arrived at Station 129 in about 
7 min (giving an average velocity of 23 mph), it is highly unlikely the 
fall-out could have reached Station 133 in 6 min. This anomalous arrival 
time casts some doubt on the accuracy of the timing at Station 133* 

The initial arrival time of the fall-out at Station 134 was 
not well defined. 
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Fig. 4.13 Pall-out as a Function of Time, Station 102 
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A aeries of »»all fall-outs, Indicated by minor maxima ^ 
the Utter part of the graph* for Stations 129, 133, and 134, occurred 
following the passage of the maixi body of fall-out at Stations 129 and 
133 ♦ There was apparently some pattern to these maxima which could be 
correlated fairly well between these stations. 1 few of the correspond- 
ing points on each curve have been Indicated on the graphs by numbers l 
through 6. By measuring the differences of arrival times for each cor- 
responding point at each station, and taking into account the geometrical 
arrangement of the stations, it is possible by simple trigonoaetry to c*l. 
culate the horizontal speed and direction of travel of the radioactive 
material represented by these points. From these calculations .the telcelv 
of the radioactive material is 4 to 6 nph in the direction N10°E to K3o°l| ' 
The surface wind la reported as 4 .5 mph in the direction N30°E. It aeeug' 
probably that these secondary perturbations we due to radioactire material 
carried along by surface winds. 



4.2.2 toga Distribution of Fall-out; 

The purpose of this study was to determine the pattern of 
fall-out from both the surface and underground explosions In terms of 
specific activity, weight, and particle size. To accomplish this purpose, 
over 100 collecting devices were placed around each test site. The array 
of stations and their designations are shown in Fig. 4.18. After each 
explosion field readings of the gamma intensity were taken at each station 
using the standard U. S. Array AN/PDR/TIB 3 ft from the ground. The ma- 
terial in the collectors was removed from those stations which experienced 
significant fall-out and taken to the field laboratory where readings of 
both the beta plus gamma and the gamma intensities were taken with a 
Beckman Ionization Chamber (M X-4) at a distance of 3 la. The former 
readings are referred to as Field Gamma Readings while the latter are re- 
ferred to as Plate Beta plus Gamma Readings and Plate Gamma Readings. 

Samples showing appreciable radiation intensity were shipped 
to the USNRDL where each sample was separated into fifteen size fraction* 
by sieving, and the radiation intensity and the weight of each fraction 
measured. Because the moisture content of the samples was of the order 
of one per cent, Its contribution to the weight was neglected. The count- 
ing was done with proportional gas-flow counters through a 200 ag alualnta 
absorber. The data obtained are given in Appendix D. Any Interpretation 
given to these values other than their relationship to each other is 
meaningless. 

Table 4.11 summarizes the measurements made at the teat 
site. These measurements have been corrected to 1 hr after the reapectite 
explosions according to the standard formula A^ = ■^ t l' t 2' ' 
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TABLE 4.11 



Field and laboratory M«fl3ur«aont3 of Radiation Intensities 
froa Fall-out Trnysl*) 



" ' 'J Iff 







Field 


Plata 


Plate Beta plus 






Gnr-na Reading 


G.iiv.ft Reading 


Gscma Reeding 


! Station 


Flat* No. 


(or/hr) 


(ar/hr) 


(mr/hr) 


SURFACE SHOT 


1 


A-l 


26 


r 






A-2 










A-3 


27 








A-4 










A- 5 


10 








A~6 










A-7 


5 








A-3 










A-9 


5 






B 


B-l 


210 








B-2 


160 








B-3 


160 








B-U 










B-5 


51 








B-6 










B-7 


26 








B-fi 










B-9 


8 






C 


C-l 


1,100 








C-2 


520 








0-3 


780 








C-A 










C-5 


260 








C-6 










C-7 


51 








C-8 










C-9 


10 






D 


D-l 


26,000 


3,500 


12,000 




D-2 


7,800 








D-3 


10,000 








D-4 


600 








D-5 


1,100 








D-6 
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TABLE A.ll (Continued) 



Field and Laboratory Measurements of Radiation Intensities 

froa Fall-out Traya^*' 







Field 


Plate 


Plate Beta plua 






Gamma Reading 


Gamma Reading 


Gamma Reading 


Station 


Plate No. 


(mr/hr) 


(rr/hr) 


(mr/hr) 


SURFACE SHOT 




D-7 


190 








D-8 










D-9 


32 






E 


E-2 


53,000 


1,800 


4,400 




E-3 


76,000 


2,700 
* 


16 , 000 




E-A 


960 








E-5 


3,300 








E-6 










E-7 


320 








E-3 










E-9 


53 






F 


F-l 


540,000 


71,000 


390,000 ; 




F~2 


11,000 








F-3 


200,000 


30,000 


A00,000 I 




F-A 


500 


'■ 




F-5 


2,500 








F-6 










F-7 


340 








F-8 










F-9 








G 


G-l 


200,000 


1A,000 


160,000 




G-2 


3,300 








G-3 


A60,000 


39,000 






G-A 


100 








G-5 


16,000 








G-6 










G-7 


330 








G-3 










G-9 


112 






H 


H-l 


160,000 


6,900 


35,000 




H-2 


1,300 








H-3 


3A0,000 


A7,000 


530,000 
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TABLE A. 11 (Continued) 



Field and Laboratory Measurements of Radiation Intensities 

froa Tall-out Trays 







Field 


Plate 


Plate Beta plus 






Gamma Reading 


Gamma Reading 


Gamma Reading 


Station 


Plate No. 


(mr/hr) 


(mr/hr) 


(ar/hr) 


SURFACE SHOT 




H-A 


60 




j 




H-5 


67,000 


9,100 


92,000 




H-6 


i 






H-7 


560 








H-S 










H-9 


110 






I 


1-1 


88,000 


1,A00 


2,900 




1-2 


890 




580,000 




1-3 


3 AO, 000 


53,000 




1-4 


10 








1-5 


89,000 


10,000 


75,000 




1-6 








1-7 


1,300 








1-3 








1-9 


110 






H 


N-2 


110,000 


11,000 


79,000 




N-3 


110,000 


9,A00 


88,000 




if- A 


110,000 


U,000 


92,000 




N-5 


66,000 


3,500 


23,000 


_ UNDERGROUND SHOT 


A 


A-l 










A-2 










A-3 


1,600 








A-A 










A-5 










A-6 










A-7 










A-3 










A-9 








B 


B-l 










B-2 










B-3 










B-A 
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TABU! 4.11 (Continued) 
Field and Laboratory Measurements of Radiation Intensities 



from Fall-out Trays 



(a) 



Station 



Plate No. 



Field 

Gamma Reading 
(mr/hr) 



Plate 

Ganma Reading 
(mr/hr) 



Plate Beta plug 
Gamma Reading 
(mr/hr) 



B-5 
B-6 
B-7 
B-8 
B-9 

C-l 
C-2 
C-3 
C-4 
C-5 
c-6 
C-7 
C-3 
C-9 

D-l 
D-2 
D-3 
D-4 
D-5 
D-6 
D-7 
D-8 
D-9 

K-2 
E-3 
3-4 

E-5 
E-6 

E-7 
E-S 
E-9 

F-l 
F-2 



UNDERGROUND 



400 
120 
60 
10,000 
4,000 



1,000 



200 
360 
75 

660,000 
210,000 
HO, 000 
7,600 
3,100 
1,800 
510 
510 
360 

430,000 
250,000 
130,000 
31,000 
3,000 
1,800 

220 

3,400,000 
1,300,000 



SHOT 



637,000 
25,000 
10,000 



86,000 
Tray buried 
5,800 
3,200 



1,200,000 



170^000 



1,400,000 
160,000 
96,000 



310,000 

140,000 
41,000 



3,000,000 
l t 400,000 
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TABLE 4.11 (Continued) 



Field and Labors tor7 Measurements of Radiation Intenoitiee 

from Fall-out Trays' 8 ' 



Station 


Plate No. 


Field 
Gamma Reading 
(ar/hr) 


Plate 
Garuna Roadicg 
(ar/hr) 


Plate Beta plus 
Gamma Reading 
(ar/hr) 


UNDERGROUND SHOT 



H 



F-3 
F-4 
F-5 
F-6 
F-7 
F-8 

y-9 

G-l 
G-2 
G-3 
G-4 
G-5 
G-6 
G-7 
G-8 
G~9 

H-l 
H-2 
H-3 
H-4 
H-5 
H-6 
H-7 
H-8 
H-9 

1-1 
1-2 
1-3 
1-4 
1-5 
1-6 
1-7 
1-8 
1-9 



360,000 
42,000 
29,000 
6,800 
4,100 
1,700 
260 

820,000 
420,000 
230,000 
51,000 
22,000 
15,000 
6,100 
14,000 
3,100 

610,000 
510,000 
220,000 
34,000 
41,000 
17,000 
10,000 
5,100 
2,400 

410,000 

260,000 
1,000,000 
170,000 
140,000 
26,000 
30,000 
34,000 
5,100 



75,000 
5,300 
2,900 
340 



77,000 
74,000 
22,000 
3,800 
3,000 
170 



74,000 
56,000 
45,000 
4,200 
4,600 
520 



1,400 

62,000 
34,000 
120,000 
14,000 
21,000 
3,000 
1,700 
5,600 



560,000 
66,000 
37,000 
510 



900,000 
790,000 
190,000 
34,000 
41,000 
860 



640,000 
460,000 
600,000 
57,000 
78,000 
4,300 



20,000 

720,000 
430,000 
1,400,000 
160,000 
240,000 
34,000 
28,000 
120,000 
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TABI^- 4*11 (Continued) 



71*14 and Laboratory Mem roraaente of Radiation Intensities 

fn.* ? all-out Trays 



Static*. 


Etati Sflu 


Field 
Gemma Reading 
(mr/hr) 


Plata 
Gamma Reading 

(nrAr) 


Plate Beta plu^ 
far/hr^ 






UNDERGROUND SHOT 




i 


N-2 
M-3 
H-4 
N-5 


240,000 
270,000 
400,000 
340,000 


4,800 
21,000 
36,000 
29,000 


48,000 
410,000 
550,000 
530,000 


51 


HE-I 
HE-3 
NE-4 
NE-5 


340 
340 
1,700 
17,000 


3,500 


52,000 


K« 


E'-l 
S'-3 
E»-4 
E»-5 


500 






1 


W-3 
W-4 
W-5 


50 
70 
50 






HI 


Hf-5 


820 







Blank* In the columns indicate no measurable activity on the plate. 



Comparison of columns 3 and 4 of Table 4*11 is significant 
only if the over-all counting efficiencies of the li 1-4 at 3 in. and the 
TIB at 3 ft are considered. For a 1 ft-square sample, the ratio of thes« 
counting efficiencies is approximately 50, i.e., for a given sample the 
M 1-4 at 3 In* Indicates fifty times as great a value as the TIB at 3 ft* 
Therefore, the contribution of a square foot of sample to the general 
radiation field 3 ft above it is approximately equal to the plate reading 
(column 4, Table 4«H) divided by fifty. 

Figures 4*19 and 4*20 show the field gamma readings and the 
plate gamma readings as a function of location for the surface explosion. 
Similarly, Figs. 4*21 and 4*22 show the field gamma and plate gamma raln«« 
for the underground explosion* Field gamma readings were obtained pri- 
marily at the collector stations; however, extrapolation of lines beyond 
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the station array was acconpliehed by UBe of other sources, such as 
■onitor'a data and telemeter readings. 

Figures 4.23 and 4.24, respectively, show the total a&as 
distribution of the samples collected at the surface and underground 
explosions. Pigures 4.25 through 4.23 show the distribution of total 
activity and of apecific activity for both explosions. These graphs 
were plotted using the values shown in the tables in Appendix D. 
Figures 4.29 and 4«30 are graphs of the percentage of total station activ- 
ity found in particles less than 74 ^ for the two explosions. The mass 
distributions by particle size for the underground shot are aho-an in 
Pigs. 4«31 to 4.34 and for the surface explosion in Pigs. 4.35 to 4*3&* 

In the underground explosion a base surge formed as the 
aain column began to settle back to earth. An estimation of the maximum 
extent of the base surge was made using binoculars containing a reticle. 
This visual estimation compared well with a well defined dust pattern 
later found on the ground in the cross wind direction. The dust pattern 
extended about 400 yd up wind from ground zero and about 750 yd cross wind 
in both directions, Down wind, the boundaries of the dust pattern were 
not clearly defined. In the up wind and cross wind directions, all of 
the contaminated material was found within the dust pattern; however, the 
radiation field extended well beyond the boundary of the pattern. 

The particle size of the contaminant is significant in con- 
tamination-decontamination studies. For the surface explosion, no more 
than one per cent of the activity was found In the particles under 75 y. 
in diameter. The percentage of activity In the fraction under 75 u. was 
fairly constant and Independent of the distance from ground zero. For 
the underground explosion the percentage of activity in the particles 
under 75 jj. In diameter ranged from 0.5 to 40, and varied directly with 
the distance from ground zero. 

The above observations suggest that it would be easier to 
decontaminate objects subjected to contamination from a surface burst 
than those contaminated by an underground burst; this was generally found 
to be true. 
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?ig. 4.28 Underground Explosion, 

Distribution of Total Specific 
Activity (c/mln/g x 10 5 ) 
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CHAPTER 5 



CONCLUSIONS 



5.1 SW?aRY OF g^SOLTS 

5.1.1 ParMcAo Sis* Digtrihntlong 

The weighted total collection miyJian d^ameteri? and gnonetric 
deviatlon3 of particulate matter colVctod in the aoroaol scnpler and on 
the differential fall-out collector electron mlcroacopo grido are 8U"nn.riaad 
in Table 5.1. 

TABLE 5.1 



Summary of Median Dinneter Detn-cdnationa 



. Med !«n 
Ser.pl e ( \i ) 


Geonetric j 
Deviation 


Gross Aerosol 

Sample 

KM Grids 


0.2? 


3.1 


Groas DFO 
EM Grida 


0.22 


4.0 


Radioactive Fraction 
Aerosol Sample 




2.2 

1 



All aerosol measurements are for the underground ahot only. 
No samples were collected during the surface shot Blnce the path of the 
cloud lay between two of the legs of the instrument layout and was not 
wide enough to contribute significantly to the aerosol collection. 

In evaluating these roaulta, it must be remembered that 
tho particle slae diatributiona obtained are altmya greatly influenced 
by both the collection and the analytical methods employed. At this time, 
there is no known method for sampling and analysing aerosols with as wide 
i apread of particle a lie aa was encountered in this investigation . The 
apparent difference In median particle diameter between the groaa and 
Radioactive samples waa undoubtedly due to the difference in analytical 
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procedures. The radioactive particles ware measured under an optical 
microscope with conditions limiting re-solution to 0.5 n while the gross 
samples were measured 'under the electron nicroscope whose limit of reeol^ 
tion is probably two orders of magnitude better. It has also been detejs. 
Kined that ai*e frequency distributions of the same sample made under 
ferent magnifications with the electron microscope show a decreasing nedlL 
with increasing magnification. Two factors probably are responsible f or 
this effecti 

1. More s'dall particles become visible with higher msgri. 

fication. 

2, Larger particles are automatically discriminated against 
when their apparent dimonoions approach that of the viewing area. 

As an exp..'ple, It was noted that the maximum siees recorded 
for the aerosol samples \rore B u when mofifiuvcd optically and 1.5 u. when 
measured on electron micrographs. 

Another factor to consider is the bias contributed by the 
sampling instruments. ?or instance, thermal precipitators will not collect 
particles much greater than 3»x. As stated previ-visiy the DFO e?><?ctron 
Ricroscope grids wore not covered with carbowax ae *oro the glars sectors, 
and when they w?re col?^nt<«d it rras observed that they looked r\ i'h • "cleanoi-* 
than the surrounding Kraa. With the DTO collector, difforor.ces in surface 
conditions resulted in poor collection efficiencies for particle? ?.arger 
than a few microns in diameter. 

It can be shown by an independent aeasurecont, however, 
that the values In Table 5.1 are not as greatly biased by the inefficien- 
cies of collection for large particles as might be assumed. Consider the 
particle siae distribution of the fall-out sample labeled UG3 in Sec- 
tion A. 1.4. This distribution covers the entire range of particle sixes 
from the class interval 0 to 1 n to the class interval 1 to 2 mm. It was 
obtained by plotting the weights of the particle si*e fractions separated 
by s combination of sieve and sedimentation r.othods. If this distribu- 
tion be converted to one in terms of number? of particles per siae frac- 
tion, *rhich is the manner in which the direct measurement data are usually 
presented, the interesting result of a nodian particle diameter less than 
1 \i is found. In making, this conversion, the per cent by weight, Pw, of 
the particles in a given class interval divided by the cube of their 
diair.ater was taken es a measure, N, of the number of particle* in the in- 
terval (see Table 5.2). 

Table 5,2 shows that the sisie fraetion below 1 H repreocnU 
approximately 95 per cent of all the particles by number. It seems than 
that the moasurements nude from the electron micrographs are not greatly 
biased by the collection method but rather by the analytical method, and 
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could conceivably be smaller than reported. This hypothesis becomes aoi^ 
credible when it is noted that, no aatter how sensitive is the method of 
detection used, the mode of the sixe frequency distribution curve alwayg 
crowds the niniiaum particle size interval. The standard procedure of 
plotting logarithms of particle diameters attempts to compensate for thi» 
effect. 

Another interesting result of the radioactive particle «a M „ 
ure-ients is the estimate of the concentrations of airborne rad.'.oRctivity 
contributed by the 0 to 8 u. particles. Since tbia partlc7.e aize range ij, 
important from the point of view of inhalation hev.ard, this ert'.-ate xay 
furnish an indication of the eerioi^nes*! of the problem Tith an undergrj^ 
detonation. The values given in flection A* 1.1 are actually averaged oyer 
the first 3 hr by virtue of the fact that the instrwmte operate*?, during 
this period. The actual concentrations in the cloud are difficult to ev.nl. 
ante. Hovraver, the time differential data of Section A. 2.1 indicate that 
tho heavy concentrations arrived at sr.o-t of the stations within a few 
pinutes and rare of minutes duration. Therefore, the computed concentra- 
tions, which varied from 2 x 10"* ji -curie/ --o at Station 103 to 2 x 10"' 
p,-curie/cc at Station 130, are a/.nlmun value?:. The actual cloud concen- 
trations could easily be one or two ordors of tflgnityda higher. It should 
be noted that even the r.iul'sun values are cany tiroes f^re'-iter than the 
pr^sont K8C tolerance for Fixed fispion products concent ration, which is 
10" - ? H -curie/cc. 

5.1*2 Activity as. a Function of Particle Sis* 

The percentage of the total activity and the relative spe- 
cific activities of three siae fractions of the fall-out material are 
•umroarijsfcd in Table 5.3. 

TABLE 5.3 



Suamary of Activity vs Particle Size 



Siae of 
Tvr ction 
(u) 


Surface Shot 


Underground Shot 


Activity 
(*) 


Activity 
per Unit Weight 


Activity 

(« 


Activity 
per Unit Weight 


0-2 
2-20 
>20 


0-1 
0-6 
93 - 100 


0 - 0.1 

0 - 0.3 

0.01 - 2.0 


0.5 - 1 
2-5 

9-4 - 96 


6 - 10 
3 - 6 
9-12 
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Obviously the bulk of the activity of the fall-out material 
i3 contained in the greater-than-20 y. size fraction. It was observed in 
the surface shot samples that the bulk of the activity in the > 20 p. 
fraction could be traced to a few large glas3y particles as shorm in 
Sections 4,1.3, 4.1.4, 4.2.1, and 4.2.2. Even though the sprwad of par- 
ticle sizes of the active material wa.3 greater in the underground shot 
flnuplfl3, the active particles still represented a snail fraction of the 
totfl collection. (See Section 4.1.4.10 

Measurements on the activity per unit weight are given in 
arbitrary units because they are only useful for comparison. It is noted 
that for the underground shot the3e activities are all of the saae order 
of magnitude. 

Since the total amount of material collected during the 
surface shot was small, the reliability of the measurements made ia not 
as good as that for the underground shot. 



5.1t3 Compositio n, of Fall-out Material and Correlati on w ith . 
Source Material, 

Although it is difficult to summarize the results presented 
in Section 4*1*4 in more concise form, certain general conclusions nay be 
presented. 

Both the particle sise and the composition of the gross fall- 
out samples are remarkably si.nilur to the original materials. Analyses of 
the results Indicate the' little fracturing of soil grains occurred. It 
appears that the diminishing median size as a function of distance from 
*ero (Section 4.2.2) is due maljily to sedimentation rather than the frac- 
turing of larger particles. 

The radioactive fall-out material apparently consisted 
Solely of glassy spheres and glassy grains. The glassy particles were 
Intensely radioactive. Only one or two accounted for all the radioactivity 
on some of the surface shot DFO sectors. 

The elemental composition of the radioactive particles was 
identical to that of the parent soil with the exception of carbon and 
boron whose compounds are easily volatilized as compared to compounds of 
the other elements present. Apparently, the radioactive material was 
formed by an intimate mixing of fission products and vaporized material. 
There were indications that the mixing was not homogeneous insofar as 
fission products were concerned. The following observations during the 
analysis of the fall-out samples substantiate the possibility of lnhomo- 
gsneous mixing: 
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1. Gross decay curves of samples from different stations 
wee not identical, 

2. The ratio of radioactivity me a sur em ants with and without 
absorbers were widely different from station to station, and from sector 
to sector in the individual DFO collectors. 

3. Radiochemical analyses of the throe fall-out siae frac- 
tions show different ratios of fission products in the fractions, particu- 
larly for Zr, Ba, and Ru. 

In comparing these data with those from air bursts, it s<=»«3j, 
that the particle sise of the radioactive material r.ay depend '..-verily on 
the concentration of source mater?.al in the f.'.reball, ard 3econc , .:..ri> on 
its particle 3ize. At Operation GREENHOUSE the concentration of souro* 
material was much smaller than at this operation, and the particle pi^au 
were also smaller. Further, some of the rc " J .a'ic-;iv9 fall-out material 
at GREENHOUSE consisted of f-Oftf^e inert coral grains which had bean swept 
.into the cloud and upon which small radioactive spheres had adhered.^ 
Upon such evidence the particle siae of the soil involved at this opera- 
tion could be expected to affect the size of t'r.e active airborne naterial. 
This secondary effect was, however, not observed. 



5,1.4 ? *ll-ou t Distribution 

5.1.4.1 Ti me Dlatrltoition 

The results of the tine distribution of fall-out 
studies seem erratic at first glance. It is regrettable that nechanica^. 
difficulties and timing circuit failures resulted in poor coverage. How- 
ever, the two collections from the surface shot and the five from the 
underground shot, yield certain conclusions regarding fall-out. 

The first heavy wave of fall-out on the surface 
shot arrived at Stations 29 and 33 sometime between 8 and 10 mln after 
shot time. To arrive at that time the material must hav« been transported 
by the high velocity winds aloft. A second wave which arrived at Station 29 
approximately 60 m|n after shot time vas not detected at Station 33 # 

A well-defined heavy fall-out was experienced in 
the first few oinutes following the underground shot. The fall-out on 
areas near the shot probably originated from naterial in the lovrer part 
of the stem of the cloud, in the baee surge, and from throw-out. This 



C, E, Adams, F. R. Holden, and N. R. Wallace, "Fall-out Phenomenology", 
Greenhouse Report, Annex 
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fall-out started almost immediately after the shot and persisted for 
approximately 5 to 10 min. 

The fall-oat which occurred at aore distant areas 
probably originated froa material in the higher regions of the cloud, 
which was rapidly carried afar by the upper winds. This fall-out arrived 
at a point 3 ailea froa ground zero in about 7 ain, and persisted for 
about 10 ndn. 

Following the heavy initial fall-out there were 
repeated minor amounts of fall-out decreasing greatly in quantity and 
apparently traveling along the ground with the velocity of the surfaeo 
wind. These minor fall-outa persisted for at least 2 hr following the 
•hot, and probably cane in part from material of the earlier heavy fall- 
out which had been stirred up and carried along by the surface wind. 



5.1.4.2 Area Distribution 

The area distribution of the fall-out is best 
given by Figs. A. 20 and 4.22, which show the radiation fields, and by 
Figs. 4»23 and 4.24, which show the sass distribution of material, after 
the surface and underground shots. It seams evident th-.t the up wind and 
crocs wind dimensions near ground zero are determined by the extent of 
base surge, and the dorm wind pattern by the wind profile at and follow- 
ing time zero. 

In the surface explosion, the bulk of the ac- 
tivity was found associated with glass spheroids. It stations close to 
ground zero larger spheroids predominated, while at remote stations they 
were smaller and aore numerous. The direct relationship of frequency with 
distance, and the inverse relationship of size with distance, were most 
pronounced. 

In contrast, the activity resulting from the 
underground explosion was found distributed throughout the gross fall- 
out. The radioactive particles could not be distinguished visually except 
for some partially fused rocks and large clinkers found near ground aero. 
Sons of these clinkers were several inches long. The size fraction con- 
fining the greatest percentage of activity was dependent on the location 
°f the collector since activity was found in all particle sizes and the 
Percentage weight of any size fraction was a function of Its distance 
from ground zero. Thus at the station 4,000 yd north of ground zero, 
^0 per cent of the over-all activity was found in the fraction of 74 V- 
*Qd under (Fig. 4.30/, while at the station 300 yd from ground zero less 
^*-n 1 per cent of the over-all activity was found in the fraction 5 74 
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The specific activity for the surface explosion 
increased with distance out to the limits of the experimental array. Thi 8 
increase indicated the influence of the larger number of small spheroids 
at distant stations compared to the smaller number of large fused particle- 
close to ground sero« Although the specific activity increased with dla« 
tance, the total activity at any one station decreased with distance. 
Therefore, the larger quantity of fall-out at short distances overwhelmed 
the higher specific activity at distant stations. 

For the underground explosion, the specific ac- 
tivity also increased with distance from ground zero. However, for both 
shots the rate of increase was slight beyond 2,500 yd. 

The stations located 300 yd fro™ ground zoro, in 
both the surface and underground explosions, had by far the highest per- 
centage of total fall-out along pith the lowest specific activities. 
Apparently there was very little mixing of radioactive particles and inert 
soil at these close stations. 

Several Isolated areas of b-^avy fall-out can be 
located on Figs. 4,27 and 4, 28 for surface and underground explosions, 
respectively. These areas indicate true fall-out with specif 'e aetivitiai 
such higher than those found at the 300 yd stations. 



5.2 CONCLUSIONS 

1, The median particle diameter of the gross airborne material was 
measured as approximately 0.2 (x. 

2, The median particle diameter of the radioactive particles was 
measured as approximately l.A u-, 

3, The 0 to 8 \i fraction contributed at least 2 x 10" 5 n-curie/cc 
to the airborne radioactivity concentrations. 

4, The bulk of the radioactivity was contained in the larger than 
20 u. dlaweter particles. 

5, Inhomogeneity in radiochemical content was noted in the fall-out 
collection. 

6, Size distribution and mineral content of the fall-out material 
were similar to that of the parent material with the size distribution 
varying with distance from zero. 

7, The radioactive particles rere observed to be glassy and have 
the same elemental composition as the soil except that boron and carbon 
were missing, 

3, The time distribution studies showed heavy initial concentra- 
tions transported by high altitude winds followed by several secondary 
waves of material transported by surface winds. 
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9. Area distributions were found to be determined by the extent of 
the base surge and the wind profile. 

5.3 RECOMMENDATIONS 

The following recommendations are offered for those who i».iy uad&r- 
take similar Investigations In the futurat 

1. For size-frequency distribution studies, instruments which dis- 
criminate against the larger particle sizes are preferable to those which 
discriminate against smaller particle sizes. For size-weight distribution 
studies, the reverse is true. 

2. Sinca the actus! particle concentrations are low, high volume 
samplers are indicated for better statistical sampling. 

3. Since it is impossible to collect the entire particle size 
spectrum with one instr\^i©nt, it is sugge? - 'ved that the radioactivity con- 
centrations contributed by the smaller particle sizes (less than 5 u- ) be 
investigated since these are more importar': i-. investigating inhalation 
hazards and decontamination problems. 

4* A Bore rugged differential fall-out collector Tjhicb is cheap and 
simple enough to allow wide coverage should be davelcp-ed. 

5. The sampling of airborne particles by means of ground b-?.oed 
sampling stations is serenely inefficient because of the large number of 
instruments and man hour*? needed for good coverage. A aore reasonable 
approach would use a rer.ote controlled airborne sampler which could be 
directed into the cloud after it is formed and thereby guarantee a col- 
lection* In this way, expensive instruments and manpower would not be , 
wasted on stations not yielding useful information. Bevelopaent of a 
sampler which can be transported in a small guided missile is suggested 
since large drone aircraft are too cumbersome. Even though the individual 
Instrument cost would be higher, the price per usable sample would be much 
lower and manpower would be conserved. 
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PERSONNEL LOGISTICS 



A.l ROSTER OF PERSONNE L 

A project of this magnitude requires th-i services of a lexgm nunber 
of personnel of diversified skills. The following list is .an attempt to 
credit all the people v^o took part in th:'.s work. The task could not have 
beon accorrpl.lshed vitbr. .;t each contr.Vciution . 

U. d. Na^al Radiological D e fense Labomtory . 

C. E. Adams, Chemist, Chemical Physics Branch. Supervision of fall- 
ont analysis. Preparation of the section on time distribution of fall-out. 
Petrographlc snrvey of fall-out material. 

T. H. Anderson, Chemist, Research Engineering Branch. X-ray diffrac- 
tion analysis. 

D. Iff. Berte, Electronics Engineer, Instruments Branch. Design of 
differential fall-out counting equipment. 

If. BroTmell, Toolraker, Shops Branch, Fabrication of successful 
prototype of thermal precipitator. Inspection of production models. 

W. Buser, Machinist, Shops Branch. Progress of instrument fabri- 
cation. On-site repairs. 

H. Chan, Chemist, Applied Research Branch. Analysis of fall -cut 
samples . 

P. A. Covey, Electronics Engineer, Instruments Branch. Fabrication 
of gas flow proportional chamber and counting apparatus. 

E. C. Evans, III, Physicist, Chemical Physics Branch. Supervision 
of on-site operations. 

N. H. Farlow, Chemist, Chemical Physics Branch. Participated in 
aerosol sampler development, on-site installation and calibration of in- 
struments, and fall-out analysis. 

j 

F. A. French, Chemist, Chemical Physics Branch. Participated in 
on-site instrument installation and calibration. 
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T. C. Goodele, Chemist, Assistant Chief, Chemical Physics Branch. 
Participated in on-8ite operations. 

1. E. Greendala, Chemist, Nuclear and Physical Chemistry Branch. 
Preparation of gross decay curves from fall-out material. 

P. Harris, Microscopiat, Research Engineering Branch. Preparation 
of electron micrographs. 

J. W. Hendricks, t!atheaatlcian, Chemical Physics Branch. On-si*« 
instrument Installation and calibration. 

If* Honma, Chemist, Analytical and Standards Branch. Spectrochemictl 
analysis of aoll and fall-out samples. 

S. K. Ichlki, Physicist, Chemical Physics Branch. On-site instru- 
mentation. Preparation of section on size distribution of radioactive 
particles. 

W. Iahoff, Physicist, Chemical Physics Branch. Participated in 
particle size analysis of aerosol samples. 

P. D. LaRiviere, Physicist, Cher-leal Physics Branch. Su^-.-^i-iion 
of particle radioautogrnphy. On-site instrument installation ?xd cali- 
bration. 

R. Laurino, Chemist, Military Evaluations Branch. Participation 
in on-site and labora+oxy phases of fall-out study. 

P. Mason, Mechanical Engineer, Design Branch. Supervision of 
engineering design of sampling instruments. 

N. Morabe, Materials Branch. On-site materiel procurement. 

J. D. O'Connor, Chemist, Analytical and Standards Branch. Spectro- 
chemical analysis of soil and fall-out samples. 

J. N. Pascual, Chemist, Analytical and Standards Branch. Exchange 

capacity determinations on soil samples. 

W. W. Perkins, Chemist, Applied Research Branch. Analysis of fall- 
out samples. 

I. G. Poppoff, Physicist, Chemical Physics Branch. Technical 
coordinator. Design and development of aerosol sampler and differential 
fall-out collector. Preparation of Chapters 1, 2, 3, and 5 of this 
report. 
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J. T. Quan, Chemist, Chemical Physics Branch. On-site instrument 
installation and calibration. Participation in particle size analysis. 

E. A. Scbuert, Physicist, Applied Research Branch. Development of 
fall-out trays. On-site instrumentation. Preparation of fall-out dis- 
tribution portion of this report. 

J. A. Seller, Chemist, Analytical and Standards Branch. Radiochemical 
analysis. 

W. Shipman, Chemist, An£j.ytical and Standards Branch. Radiochemical 
analysis of fall-out samples. 

R. R. Soule, Physicist, Applied Research Branch. Design and devel- 
opment of fall-out tray3. Participation in on-eite operations. Co-author 
of fall-out distribution section of this report. 

H. Steiner, Physicist, Chemical Physics Branch. Calibration of 
differential fall-out counting apparatus. 

N« Vogel, Mechanical Engineer, Shops Branch. Supervision of fabri- 
cation of field instruments. 

N. R. Wallace, Physicist, Chemical Physics Branch. Development of 
differential fall-out collector. On-site Instrumentation. Preparation 
of section on activity es a function of particle size. 

J. W. Waahkuhn, Industrial Hygienist, Chemical Physics Branch. 
Supervision of analysis of soil samples. On-site instrumentation. Prep- 
aration of section on identification of collected material and correlation 
with source material for this report. 

J. P. Wittman, Physicist, Chemical Physics Branch. On-site instru- 
■ent installation and calibration. Radioactivity measurements on differ- 
ential fall-out. 

J. V. Zaccor, Physicist, Chemical Physics Branch. Thermal precip- 
itator development. On-site instrumentation. Preparation of section on 
sizo distribution of gross samples for this report. 

University of California 

I. Barshad, Division of Soils. Differential thermal analysis of 
clay fraction of soil. Assistance in the interpretation of other data 
on clay fraction. 
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California Department of Public Health 

L. Schmelzer, Chemist, Bureau of Adult Health. X-ray diffraction 
analysis of clay fraction of soil samples. 

If, 3, Geological Surrey 

A. M. Piper, Geologist, Portland, Oregon, Office. Data on caliche 
layer at site. 

J. L. Poole, Geologist, Carson City, Nevada, Office. Soil sample 
collection. 

U. S. Army Corps of Engineers 

C. B. Palmer, J. G. Zeitlen, C. E. Bettinger, and C. V. KcNlcol, 
South Pacific Division Laboratory. Physical, chemical, and petrographic 
analysis of soil samples. 
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1PPENDII B 

GRAPES (PARTICLE DIAMETER VS. PER CENT LESS THAN STATED SIZE) 

B.l SIZE FREQUENCY DISTRIBUTIONS OF GROSS SAMPLES FOR INDIVIDUAL 
gTATIQNS 

These graphs supplement Section 4.1.1. (See Pigs. B.l to B.9i 

B.2 SIZE PREQDENCT DISTRIBUTION OF RADIOACTIVE SAMPLES FOR INDIVIDUAL 
STATIONS — 

These graphs supplement Section 4.1.2. (See Figs. B.IO to B.130 
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Fig. B.l Thermal Precipitator Collection, Electron Microscope 
Analysis, Station 10S 
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Fig. B.2 Thermal Precipitator Collection, Electron 
llicroscope Analysis, Station 12 




Fig. B.3 Thermal Precipitator Collection, Electron 
IJIcroscope Analysis, Station 121 
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Fig. B.4 Therc»l Precipitator Collection, Electron 
Microscope Analysis, Station 134- 
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Fig. B.5 Differential Fall-out Collection, Electron 
Microscope Analysis, Station 103, Segment 16 
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Fig. B.6 Differential Fall-out Collection, Electron 
Ilicroscope Anal 7s la, Station 108, Seg-ent 17 




Fig. B.7 Differential Fall-out Collection, Electron 
liicroscope Analysis, Station 109, Segment 5 
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Fi*. B.8 Differential Fall-out Collection, Electron 
Microscope Analysis, Station 120, Segment 2 




Fig. B.9 Differential Fall-out Collection, Electron 

Hi cros cope Analysis, Station 120, Segment 13 
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Fig. B.IO Size Distribution of Radioactive Particles , 
Station 108 




Fig. B.ll Size Distribution of Radioactive Particl*--= 
Station 120 
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Fig. B.12 Size Distribution of Radioactive Particles, 
Station 129 
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Fig. B.13 Size Distribution of Radioactive Particles, 
Station 130 

-, 101 - 



APPENDIX C 



ADDITIONAL SOIL ANALYSIS 

C.l EXPLANATION 

The following soil analyses were made to characterize more fully the 
soil at the Yucca Flat test site. These tests supplement tho3e discussed 
in Section 4..1.4* 

C.l.l ghvsl.cal Testa 

Atterberg Limits » Liquid and plastic Halts were determined 
In general accordance with the A.S.T.M. Designations D423-39, "Standard 
Method of Test for Liquid Limit of Soils", and DAH-J9, "Standard Method 
of Test for Plastic Limit and Plasticity Index of Soils". 

Specific Gravity . This was found by the pycnometer method, 
using evacuation to free the soil of adsorbed air. 

Compaction . Since the soils were non-plastic, it was con- 
sidered acceptable to test the materials in an air-dry condition as a 
measure of their behavior.' 3oth the maximum and minimum densities were 
obtained on the material passing through a No, U sieve. For maximum den- 
sity determinations, the soil was compacted into a l/30-cu ft mold (4 in. 
in diameter) by twenty-five blows of a 10 lb- hammer dropped 18 in. on to 
each of five layers in the mold. The striking face of the hammer was 
3.875 in. in diameter so that the soil was confined during the compaction. 
The minimum densities were found by pouring the soil loosely into the sane 
mold with no compaction. 

Fle^ld Moisture Equivalent . This was determined by the 
method given in A.S.T.M. Designation D425-39, "3tandard Method of Test for 
Field Moisture Equivalent of Soils". 

Centrifugal Moisture Equivalent . The method used was that 
given in A.S.T.M. Designation D425-39, "Standard Method of Test for Cen- 
trifuge Moisture Equivalent of Soils", 

FieLd Density . The density was determined on a small piece 
of caliche by the "waxed chunk" method in which the soil chunk is water- 
proofed with a coating of wax and then weighed in water to determine its 
volume. After removing the wax, the material is oven dried and its dry 
weight per unit volume determined. The field density of the caliche was 
100 lb per cu ft and its moisture content was 2.9 per cent. 



- 103 - 



PROJECT -?.5a-2 



The physical teat results are summarized in Table C.l. 
TABLE C.l 

Physical Test Results of Pre-test Soil Samples 
at the Underground Site 



Liquid 
| L?jait 
Sarole Per Cent 



Moisture 

Equivalent 



. [Specific 

Plasticity**' Gravity i Compaction j Per Cen t 

-A Vesh iM'n. ' \'&x. . Field ! Centric 



Index 



4- 



0-3 In. 21 I 0 

(Plastic Limit - 22) 



2.60 



5-6 ft 
17 ft 



79 I 106 
(Air -dry 
Moisture 
- 1.5%) 



20 

(Plastic Limit = 21) 

Unobtainable 
(Non-plastic) 



! 2.59 I 76 104 



2.61 



21 



92 i 117 
(Air-dry 
Moisture 
= 1.250 



21 
22 



A.6 
5.0 



(a) 



As defined in A.S.T.M. Designations D£24~39, "Standard Method of 
Test for Plastic Limit and Plasticity Indax of Soils". 



The liquid limit, plastic limit and plasticity index Talus* 
indicate that the soil is either non-plastic or just barely plastic. The 
moisture equivalent values indicate that the moisture holding capacity is 
quite low. The- compaction values indicate that the soil, as it exists in 
the field (with the exception of ths caliche material), is not in a com- 
pacted condition. 



C.l. 2 Chem ical Testa 



Base-exchange Capacity . The capacity was determined on soil 
samples from the 0 to 3-in., 5 to 6-ft, and 17-ft levels from the under- 
ground shot site and on a caliche sample from the Operation BUSTER site. 
The camples were crushed to pass a No. 30 sieve and the analyses made 
according to the method of the American Association of Agricultural 



- 10A 



PHO.IEGT ?.**-2 



Cham-ista,- 1 In their method, tha sample is seturated with ammonium acetata 
solution followed by an alcohol wash. The sample is then transferred to 
a distillation flask and distilled in the presence of sodium hydroxide, 
the ammonia distillate is received in HCl with methyl orange indicator. 
When distillation is complete, the solution is made distinctly alkaline 
with NaOH and back-titrated to tho first filer* with HCl. 

Exchange capacity was also determined on the lees than 2 u 
fraction and on the Band fraction of soil from the 17-ft level of tho 
underground shot site. The less than 2 \x fraction was prepared as pre- 
viously described under the X-ray diffraction and dehydration curve para- 
graphs. The sand fraction was prepared as follows: the total soil sample 
waa placed in a casserole with water and triturated with the thumbs to 
free the sand from adhering silt and clay. The suspended silt and clay 
was removed by decantation. Trituration and decantation were repeated 
until the sand was free of silt and clay. 

The exchange capacity of the less than 2 \x and the sand 
fractions were determined by Peech's method.* In this method the sample 
is leaohed with ammonium acetate solution followed by an alcohol wash. 
The sample is then transferred to a Kjeldahl flask and distilled. The 
distillate is received in otandard acid with methyl red indicator and the 
•xcess acid titrated with sodium hydroxide. 

The values obtained for exchange capacity were somewhat 
unusual for a sandy textured soil of this type. (See Table C.2.) In 
general, base exchange capacity is usually associated, with the clay (lees 
than 2 ji) fraction of soil. In this instance the exchange capacity of 
the sand fraction can probably be assigned to the weathered feldspars. 
The exchange capacity of the less than 2 ^ fraction is probably essen- 
tially due to the hydrous mica and the weathered feldspars. 

Chemical Analyses . These analyses were made by methods of 
the American Association of Agricultural Chemists.* The results are re- 
ported on the material passing a No. A sieve with the exception of the 
caliche sample where the total sample was used. The silica, iron, and 
aluminum were determined on fused samples and are reported as per cent of 



Official and Tentative Methods of Analysis of the Association of Official 
Agricultural Chemists (6th edj Ifashingtom Association of Official 
Agricultural Chemists, 1945). 

Michael Peech, "Determination of Exchangeable Cations and Exchange 
Capacity of Soils - Rapid Micromethods Utilizing Centrifuge and Spectro- 
photometer", Soil Science LIX (1945), 25-38. 

Op. cit, 
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Base Exchange Capacity 



Sample 


Exchange Capacity in Milli- 
equivalents NH^/100 g 
of Sample 


0 to 3- in. 

(crushed bo pass through a 0.590 mm mesh) 
5 to 6- ft 

(crashed to pass through a 0.590 am mesh) 
17-ft 

(crushed to pass through a 0.590 am mesh) 
Caliche 

(crushed to pass through a 0.590 mn mesh) 
Sands 
(2.0 to 0.002 ma) 
Less than 2 p 


24 
23 
18 
15 
49.2 

U.3 



dry weight of soil. The carbonates and organic carbon were determined 
on matarial crushed to pas 3 a No. 100 sieve and the results are reported 
as per cant of dry weight. 

The composition of the pre- test soil samples as obtained 
by chemical analysis is given in Table C.3. 

TABLE 0.3 



Chemical Analysis of Pre- test Soil Samples 



Component 


Sample 


0 to 3 in. 


5 to 6 ft 


Caliche 17 ft 


Silica % 

Fe and Al Oxides (R2O3) % 
Iron Oxide (Feo03) % 
Total Carbonates % 
Organic Carbon % 


68.8 
17.1 

2.9 

0.55 
0.16 


65.2 
16.8 
3.0 
2.92 
(a) 


47.7 69.6 
9.8 16,1 
2.0 (a) 

19.17 1.00 
(a) (a) 



( fl ) Hot determined. 
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APPENDIX D 



FALL-OUT DISTRIBUTION DATA SHEETS 



D.l EXPLANATION 

The first letter In the station designator indicates the type of 
explosion, S and U for surface and underground , respectively. The re- 
mainder of the designator locates the station with respect to ground 
zero (Fig. 3,1). 

The values of activity and activity per unit weight have been rounded 
off to two significant figures. 



STATION S-D-l 



Size of 


Weight of 


Percentage 




Activity 


Fraction 


Fraction 


of 


Activity 


per Unit Weight 


(n) 


<g) 


Total Weight 


(c/m) 


(c/m/g) 


5600 and over 


50,7 


6.C5 


0 


0 


5160 


19.2 


2.29 


0 


0 




36.2 


4,32 


1,600 


45 


2845 


19.6 


2,34 


0 


0 


2006 


17.4 


2.07 


140,000 


7,600 


1420 


11.2467 


1.34 


13,000 


1,200 


1015 


12.2000 


1*45 


27,000 


2,200 


715 


11.6341 


1.39 


20,000 


1,800 


503 


17.5224 


2.C9 


12,000 


700 


356 


43.8799 


5.23 


0 


0 


250 


90.4 


10.78 


20,000 


220 


175 


163.4 


19,49 


12,000 


75 


125 


141.2 


16.84 


0 


0 


90 


94. C 


11.21 


10,000 


110 


74 and under 


109.7 


13.08 


9,000 


84 










Average Activity 








|2.77 x 105 


per Unit Weight 
3.3 x 10 2 


Total* 


834.4 


100 
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STATION S-E-2 



Size of 
frac uion 


Weight of 

rracuxon 
(g) 


Percentage 

_ «• 
01 

Total Weight 


Activity 
fc/m) 


Activity 
per Unit Weight 
(c/ir/g) 


5600 t over 


37.9344 


11.68 


0 


0 


5180 


10.0736 


3.10 


0 


0 


4040 


16.2792 


5.01 


320 


20 


2845 


13.4892 


4.15 


0 


0 


2006 


8.9508 


2.76 


68 


1 8 


1420 


7.0307 


2.17 


4,700 


640 


1015 


5.8228 


1.79 


4,300 


! 750 


715 


4.8688 


1.50 


780 


; 160 


503 


5.5238 


1.70 


1,000 


190 


356 


7.4143 


2.28 


750 


100 


250 


12.6942 


3.91 


2,300',' 180 


175 


21.5352 


6.64 


2,900 


130 


125 


36.7063 


11.30 


2,300 


73 


90 


37.4725 


11.54 


0 


i 0 


74 and under 


98.8966 


30.46 


0,; 0 

, u 1 


Totals 


324.7 


100 


2 x 10* 


! Average Activity 
per Unit Weight 
61 



STATION S-E-3 



Size of 
Fraction 

U ) 


- -- ■ 1 * ' 

Weight of 

Fraction 
(g) 


, s^aiis s-j 

Percentage 
of 

Total height 


| 

Activity 
(c/m) 


Activity 
per Unit Weight 
(c/m/g) 


56OO and over 


85.3508 


4.68 


0 


0 


5180 


26.1658 


1.43 


600 


23 


4040 


41.0856 


2.25 


0 


0 


2845 


30.4581 


1.67 


0 


0 


2006 


27.9737 


1.53 


0 


0 


1420 


24.1475 


1.32 


0 


0 


1015 


33.3190 


1.83 


1,600 


49 


715 


50.6013 


2.77 


0 


0 


503 


100.0645 


5.49 


2,800 


28 


3*6 


165.3572 


9.07 


104,000 


630 


250 


220.4256 


12.09 


17,000 


80 


175 


324.7897 


17.81 


46,000 


140 


125 


259.4 


14.22 


10,000 


40 


90 


215.9 


11.84 


0 


0 


74 and under 


166.7 


9.U 


5,000 


30 


Totali 


1,823.7 


100 


1.92 x 105 


Average Activity 
per Unit Weight 
1.05 x 102 
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STATION S-F-l 



Size of 
Fraction 

<n) 


Weight of 
Fraction 
(g) 


Percentage 
of 

Total Weight 


Activity 
(c/ffl) 


Activity 
per Unit Weight 
(c/m/g) 


5600 and over 


26.1 


5.95 


0 


0 


5180 


9.4 


2.14 


300 


32 


4040 


13.6 


3.10 


390 


28 


2845 


8.7 


1.98 


1,400,000, 


160,000 ' 


2006 


6.5606 


1.49 


3,800,000 


570, COO 


U20 


6.2968 


1.44 


4,500,000; 


720,000 | 


1015 


6.6677 ' 


1.57 


3,700,000 : 


; 540,000 


715 


6.1773 


1.41 


2,200,000 


, 410,000 


503 


8.6389 


1.97 


700,000 i 


81,000 


356 


19.1641 


4.37 


320,000': 


16, COO 


250 


48.38*6 


11.03 


150,000; 


3,200 ! 


175 


68.3316 


15.58 


75,000 


1,100 ! 


125 


85.5 


19.49 


54, 000 i' 630 


90 


51.88U 


11.83 


29,000: 


560 


74 and under 


73.0264 


16.65 


71,000 980 
'. ij 


Totals 


438.6 


100 


■; Average Activity 
i per Unit Weight 
1.72 x 10 7 |! 3.92 z 104 



STATION S-F-3 



Size of 


Weight of 


Percentage 




Activity 


Fraction 


Fraction 


of 


Activity 


| per Unit Weight 




(g) 


Total Weight 


(c/ra) 


<cA/«) 


5600 and over 


9.7 


30.98 


1,300,000 


U0,000 


5180 


1.6576 


5.29 


0 


0 


4040 


1.9642 


6.27 


580,000 


150,000 


2845 


1.5429 


4.93 


230,000 


150,000 


2006 


1.3747 


4.39 


1,100,000 


820,000 


1420 


1.2353 


3.95 


880,000 


710,000 


1015 


1.2171 


3.89 


870,000 


710,000 


715 


1.2200 


3.90 


1,100,000 
670,000 


920,000 
650,000 


503 


1.0232 


3.27 


356 


1.1362 


3.63 


87,000 


77,000 


250 


1.3621 


4.35 


54,000 


40,000 


175 


1.8060 


5.77 


28,000 


15,000 


125 


1.7851 


5.70 


22,000 


12,000 


90 


1.3854 


4.42 


9,700 


7,000 


74 and under 


2.8994 


9.26 


17,000 


6,000 










Average Activity 










per Unit Weight 


Totals 


37.3 


199 


7i2 * 


Z*Z1 Z VP. 
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• PROJECT 2.5a-2 



STATION S-G-l 



Site of 

Fraction 


Weight of 

Fraction 

<u) 


Percentage 
of 

Total Weight 


Activity 
(c/m) 


Activity — 
per Unit Weight 
(c/m/g) 


5600 and over 


0 


0 


0 


0 


5180 


0 


0 


0 


0 


4040 


1,5404 


7.39 


280,000i 


! 180,000 


2845 


0.6130 


2.94 


170,000 ! 


i 280,000 


2006 


0.8026 


3.85 


480,000 


600,000 


H20 


0.7123 


3.42 


190,000 


280,000 


1015 


0.7100 


3.41 


190,000 


1 280,000 i 


715 


0.8810 


4.23 


150,000 


! 180,000 


503 


1.5185 


7.59 


76,000 


50,000 


356 


2.2285 


10.69 


26,000! 


12,000 


250 


2.9976 


14.38 


23,000 


7,800 


175 


2.9925 


14.36 


14,000 


4,900 


125 


2.3726 


11.38 


10,000 


4,500 


90 


1.4174 


6,80 


5,400 


3,800 


74 and under 


2.0566 


9.87 


3,000 


3.900 1 


Totals 


20.8 


100 


i 

j 

1.7 x 10 6 ! 


Average Activity 
per Unit Weight 
j 8.16 x 10* 



STATION S-G-3 



Size of 


Weight of 


Percentage 




Activity 


Fraction 


Fraction 


of 


Activity 


per Unit Weight 


<H ) 


(g) 


Total Weight 


(c/m) 


(c/ra/g) 


4040 and over 


2.7480 


1.07 


510,000 


180,000 


2845 


1.3618 


0.53 


790,000 


580,000 


2006 


1.4744 


0.57 


2,600,000 


1,700,000 


1420 


1.6545 


0.64 


1,300,000 


810,000 


1015 


2.2714 


0.88 


1,700,000 


760,000 


715 


3.5772 


1.39 


2,500,000 


700,000 


503 


9.1523 


3.56 


2,000,000 


220,000 


356 


26,4 


10.26 


740,000 


28,000 


250 


59.3 


23.05 


72,000 


1,200 


175 


64.7 


25.15 


62,000 


970 


125 


44.3 


17.22 


65,000 


1,400 


90 


19.3 


7.50 


31,000 


1,600 


74 and under 


20.5 


7.97 


72.000 


?,WQ . 










Average. Activity 








1.27 x 10 7 


per Unit Weight 


Totals 


257.3 


100 


4.94 x 104 i 



- DP - 



PROJECT 2. 5* -2 



STATION S-H-l 



Six* of 

fraction 


Weight of 

Fraction 

(*) 


Percentage 
of 

Total Weight 


Activity 

(c/m) 


Activity 
per Unit Weight 
(c/a/g) 


4040 and over 

2845 

2006 

1420 

1015 

715 

503 

356 

250 

175 

125 
90 

74 and under 


0.3453 
0.1899 
0.4848 
0.2042 
0.2128 

0.1653 
0.0682 
0.0887 
0.:.526 
0.2516 
0.3824 
0.3343 
0.7569 


9.49 
5.22 

13.33 
5.61 
5.85 
4.54 
1.38 
2.44 
4.20 
6.92 

10.51 
9.19 

20.31 


180,000 
290,000 
230,000 
310,000 
300,000 
260,000 
46,000 
29,000 
18,000 
9,000 
6,000 
3,000 
5,000 


530,000 
1,500,000 
490,000 
1,500,000 
1,400,000 
1,600,000 
680,000 
320,000 
110,000 
37,000 
17,000 
8,000 
6,000 


Totals 


3.6 


100 


1.7 x 10 6 , 


Average Activity 
per Unit Weight 
4.72 x 10 T 


STATION S-H-2 


Sise of 
Fraction 


Weight of 

Fraction 
(g) 


Percentage 
of 

Total Weight 


Activity 
(e/«) 


Activity n 
per Unit Weight 
(c/n/ C ) 


4040 and over 

2845 
2006 
1420 
1015 

715 

503 

356 

250 

175 

125 
90 

74 and under 


THIS STATION NOT RECOVERED 




Totals 




Average Activity 
per Unit Weight 
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PROJECT 2. 5a -2 



, STATION S-H-3 



Si Z6 Of 

Fraction 

(n) 


Weieht of 

Fraction 
(g) 


Percentage 
of 

Total Weight 


Activity 
(c/») 


Activity 
per Unit Weight 
(c/Vg) 


4O40 and over 


0.5239 


6,70 


230,000 


450,000 


2845 


0.4744 


6.06 


680,000 


1,400,000 


2006 


1.0537 


13.48 


1,100,000 


1,100,000 


U20 


0.3938 


11.43 


970,000 


1,000,000 


1015 


0.8816 


11.28 


1,400,000 


1,500,000 


715 


0.8361 


10.72 


1,400,000 


1,600,000 


503 


0.5475 


7.00 


1,100,000 


2,000,000 


356 


0.2237 


2.36 


430,000 


1,300,000 


250 


0.2918 


3.73 


55,000 


180,000 


175 


0.4073 


5.21 


29,000 


70,000 


125 


0.5305 


6.79 


18,000 


34,000 


90 


0.4116 


5.27 


11,000 


26,000 


74 and under 


0,7376 


9.44 


18,000 


25,000 


Totals 


7.8 


1 

i 

100 1 7,6 x 10 6 ! 


Average Activity 
per Onit Weight 
j * 9.71 x 10 5 



STATION S-H-5 



Size of 
Fraction 

<n ) 


Weight of 

Fra itlon 

(g) 


Percentage 
of 

Total Weight 


Activity 
(c/m) 


Activity 
per Unit height 
(c/«/g) 


4040 and over 


0.0409 


1.23 


0 


0 


2845 


0.0773 


2.43 


96,000 


1,200,000 


2006 


0.2045 


6.42 


220,000 


1,100,000 


1420 


0.2024 


6.36 


210,000 


1,000,000 


1015 


0.2297 


7.21 


190,000 


840,000 


715 


0.2587 


8.13 


300,000 


1,100,000 


503 


0.2663 


8.36 


33,000 


120,000 


356 


0.2618 


8.22 


130,000 


520,000 


250 


0.2677 


8.41 


70,000 


260,000 


175 


0.2741 


8.61 


21,000 


75,000 


125 


0.3315 


10.41 


10,000 


30,000 


90 


0.2366 


7.43 


4,000 


18,000 


74 and under 


0.5322 


16.72 


6,000 


11,000 


Total* 


3.2 


100 


1.3 x 10 6 


Average Activity 
per Unit Weight 

4.14 x yy 
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PROJECT 2. 5a -2 



STATION S-I-l 



Site of 
Fraction 


Weight of 

Fraction 
<g> 


Percentage 
of 

Total Weight 


Activity 
(c/») 


Activity 
per Unit Weight 
(c/n/g) 


4040 and orer 


0.3326 


11 


0 


0 


2845 


0.0227 


.80 


o 


o 


2006 


0.0935 


3.31 


103,000: 


1,000,000 


1420 


0.0867 


3.07 


41,000 1 


! 470,000 


1015 


0.0765 


2.71 


51, 000 i 


660,000 


715 


0.0818 


2.90 


79,0001 


970,000 


503 


0.0517 


1.83 


25,000; 


490,000 


356 


0 


0 


°l 


i o 


250 


0.1270 


4.50 


2,500 


! 19,000 


175 


0.2132 


7.55 


2,2001 


10,000 


125 


0.3987 


14.12 


830 


■ 2,800 


90 


0.3685 


13.05 


500 


1,400 


74 and under 


0.9710 


34.38 


970 


1.000 


Totals 


2.8 


100 


;j Average Activity 
■i per Unit Weight 
3.06 x 105 ( j 1.08 x 10 5 







STATION S-I-3 






Size of 
Fraction 

U) 


Weight of 
Fraction 
(g) 


Percentage 
of 

Total Weight 


1 

Activity 
(c/«) 


Activity 1 
per Unit Weight 
(c/n/g) 


4040 and over 

2845 

2006 

1420 

1015 

715 

503 

356 

250 

175 

125 
90 

74 and under 


0.9732 
0.9269 
1.3433 
1.2578 
1.1453 
0.8925 
0.3442 
0.2010 
0.2274 
0.2576 
0.3027 
0.2148 
0.4618 


11.38 
10.84 
15.71 
14.71 
13.40 
10.44 
4.03 
2.35 
2.66 
3.01 
2.54 
2.51 
5.40 


400,000 
260,000 
1,200,000 
900,000 
1,300,000 
1,200,000 
660,000 
140,000 
92,000 
58,000 
40,000 
15,000 
23,000 


410,000 
280,000 
920,000 
710,000 
1,100,000 
1,300,000 
1,900,000 
690,000 
400,000 
220,000 
130,000 
71,000 
49,000 


Totals 


8.5 


100 


6.4 x 106 


Average Activity 
per Unit Weight 
7.49 x 105 
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PROJECT 2„5e-2 



STATION S-I-5 



Size of 
Fraction 

<n) 


Weight of 

Fraction 

(g) 


Percentage 
of 

Total Weight 


Activity 
(c/«) 


Activity 
per Unit Height 


4040 and over 


0 


0 


0 


0 


28^5 


0.0684 


2.04 


84,000 


1,200,000 


2006 


0.2429 


7.24 


130,000 


530,000 1 


U20 


0.2846 


8.48 


250,0001 


} 870,000 ! 


1015 


0.26U 


7.79 


370,000' 


1,400,000 i 


715 


0.2371 


7.06 


370,000 


1,500,000 


503 


0.2444 


7.28 


260,000 


1,000,000 


356 


0.2739 


8.16 


320,000 


1,100,000 


250 


0.2423 


7.22 


49,000 


200,000 


175 


0.2663 


7.93 


15,000j 


56,000 


. 125 


0.3213 


9.57 


5,0001 


17,000 


90 


0.2537 


7.56 


2,000 


7,900 


74 and under 


0.6604 


19.67 


3,0001 

, f 


5,000 


Totala 


3.4 


100 


1.9 x 10 5 


■ Average Activity 
1 per Unit Height 
5.66 x 105 



STATION S-K-l 



Size of 
Fraction 
<H ) 


Weight of 
Fraction 

<g> 


Percentage 
of 

Total Weight 


Activity 
(c/*> 


Activity 
per Unit Weight 
(c/Vg) 


4040 and over 


0.0118 


0.78 


0 


0 


2845 


0.0063 


0.42 


0 


0 


2006 


0.0595 


3.96 


24,000 


400,000 


1420 


0.1038 


6.91 


150,000 


1,400,000 


1015 


0.1543 


10.28 


260,000 


1,600,000 


715 


0.2366 


15.76 


360,000 


1,500,000 


503 


0,2855 


19.02 


630,000 


2,200,000 


356 


0.1571 


10,46 


490,000 


3,100,000 


250 


0.0438 


2.92 


32,000 


730,000 


175 


0.0457 


3.04 


7,000 


150,000 


125 


0.0782 


5.21 


4,500 


57,000 


90 


0.0891 


5.80 


2,000 


23,000 


74 and under 


0.2295 


15.29 


3,300 


U,000 


Totals 


1.5 


100 


1.98 x 10 6 


Average Activity 
per Unit Weight 
1.32 x 1C 6 



114 - 



PROJECT 2. 5a -2 



STATION S-N-3 



Size of 


Weight of 


Percentage 




Activity 


Fraction 


Fraction 


of 


Activity 


per Unit Weight 




Ui 


Total Weight 


, (c/m) 


(c/Vk). 


4040 and over 


0 


0 


0 


0 


2M5 


0.0614 


3.19 


25,000 


410,000 


2006 


C.1068 


5.54 


150,000 


1,400,000 


K20 


0.1655 


8.59 


170,000 


1,000,000 


1015 


0.2394 


12.43 


290,000 


1,200,000 


715 


0.2653 


13.77 


520,000 


1,900,000 


503 


0.2471 


12.83 


380,000 


1,500,000 


356 


0.C973 


5.05 


58,000 


590,000 


250 


0.0776 


4.03 


0 


0 


175 


0.0997 


5.18 


0 


0 


125 


0.1605 


8.33 


7,000 


45,000 


90 


0,1400 


7.27 


3,000j 


23,000 


74 and under 


0.2659 


13.80 


4,000; 


14,000 










I Average Activity 








1.6 x 106 


per Unit Weight 


Totals 


1.9 


100 


3,42 x 10? 



STATION S-N-4 



Size of 


Weight of 


Percentage 




Activity 


Fraction 


Fraction 


of 


Activity 


per Unit Weight 




(g) 


Total Weight 


(c/m) 


(c/m/g) 


4040 and over 


0,1229 


6.38 


10,000 


81,000 


2845 


0.1575 


8.17 


180,000 


1,200,000 


2006 


0,2176 


11.29 


130,000 


610,000 


1420 


0.3789 


19.66 


430,000 


1,100,000 


1015 


0.4003 


20.77 


690,000 


1,700,000 


715 


0,3207 


16.64 


670,000 


2,100,000 


503 


0.0872 


4.52 


250,000 


2,900,000 


356 


0,0323 


1.68 


26,000 


800,000 


250 


0,0316 


I.64 


20,000 


640,000 


175 


0.0301 


1,56 


11,000 


350,000 


125 


0,0353 


1.83 


7,000 


180,000 


90 


0.0288 


1.49 


3,000 


100,000 


74 and under 


0.0838 


4.35 


3,000 


35,000 










Average Activity 








2.5 x 10 6 


per Unit Weight 


Totals 

1 


1.9 


100 


1,28 x 10 6 
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PROJECT 



STATION U-D-l 



Size of 

Fraction 

(n) 


Weight of 
Fraction 
(g) 


Percentage 
of 

Total weight 


Activity 
(c/m) 


Activity ~" 
per Unit Weight 
(c/m/g) 


404O and over 


1173.3 


31.65 


340,000,000 


290,000 ~~ 


2845 


152.5 


4.11 


40,000,000 


260,000 


2006 


125.2 


3.33 


1,000,000 


8,400 


, 1420 


105.9 


2.36 


9 il 400,OOO ; 


39,000 


1015 


96.2 


2.59 


7,900,0C0i 


32,000 


715 


87.2 


2.35 


5,000,000 


53,000 


503 


96.2 


2.59 


2,700,000 


28,000 


3 c o 


120.1 


3.24 


3,000,000 


25,000 


<50 


179.6 


4.34 


3,700,000 


20,000 


175 


329.4 


3.33 


3,900,000 


i 12,000 


125 


591.9 


15.97 


5,500,000 


11,000 


90 


336.6 


9.03 


5,000,000 


15,000 


74 and under 


313.1 


8.45 


6,000,000 
1 » 1 


20,000 


Totals 


3,707,2 


100 


■ 

4.3 x 108i 


Average Activity 
per Unit Weight 
1.16 x 105 



STATION U-D-2 



Size of 
Fraction 

<H) 


Weight of 
Fraction 
(g) 


Percentage 
of 

Total Weight 


Activity 
(c/m) 


Activity 
per Unit Weight 
(c/Vg) 


4040 and over 


8.7477 


3.28 


0 


0 


2845 


1.1633 


0.44 


1,500 


1,200 


2006 


1.3789 


0.52 


1,000 


690 


1.420 


1.2351 


0.46 


1,100 


960 


1015 


1.6954 


0.63 


1,400 


860 


715 


2.2653 


0.85 


83,000 


37,000 


503 


3.3673 


1.26 


63,000 


18,000 


356 


5.9562 


2.23 


90,000 


15,000 


250 


11.226a 


4.20 


130,000 


11,000 


175 


22.9 


8.58 


340,000 


14,000 


125 


52.5 


19.66 


760,000 


14,000 


90 


50.4 


18.88 


1,100,000 


22,000 


74 and under 


104.1 


38.99 


5,800,000 


56,000 


Totals 


267.0 


100 


8.5 x 10 6 


Average Activity 
per Unit Weight 
3.19 x 10^ 



- 316 - 



PROJECT 2.5n-f> 



STATION U-D-3 



34 5?A t%t 

Fraction 

(fO 


Walffht of 
Fraction 
(g) 


Percentage 
of 

Total Weight 


Activity 
(c/m) 


Activity 
per Unit Weight 
(c/m/g) 


4040 and over 


13.3 


11.26 


1,000 


76 


2345 


1.8218 


1.54 


9C0 


480 


2006 


1.9661 


1.66 


1,000; 


520 


1420 


1.1693 


0.99 


1,000, 


1,000 | 


1015 


0.6969 


0.59 


13,000 


19,000 


715 


0.5297 


0.45 


45,000' 


84,000 


503 


0.6610 


0.56 


49,000': 75,000 


356 


0.7779 


0.66 


32,000| 


41,000 


250 


0.5864 


0.50 


8,000 j 


j 14,000 


175 


4.3825 


3.71 


32,000j 


7,000 


125 


11.1543 


9.44 


01 


0 


90 


15.2 


12.87 


170,000 


11,000 


74 and under 


65.9 


55.7S 


2,200,000 


33,000 


Totals 


118.1 


100 


2,6 x 10 6 | 


Average Activity 
per Unit Weight 
2.16 z 104 



STATION U-E-2 



Size of 


Weight of 


Percentage 





Activity 


Fraction 


Fraction 


of 


Activity 


per Unit Weight 




(g) 


Total Weight 


(c/m) 


(c/ai/g) 


4040 and over 


43.7 


6.88 


10,000 


240 


2845 


5.5272 


0,87 


2,800 


500 


2006 


4.9565 


0.78 


49,000 


10,000 


1420 


4.4729 


0.70 


127,000 


28,000 


1015 


5.0070 


0.79 


490,000 


99,000 


715 


5.8166 


0.92 


420,000 


72,000 


503 


9.4205 


1.48 


280,000 


30,000 


356 


14.8875 


2.34 


540,000 


36,000 


250 


29.4 


4.63 


1,100,000 


39,000 


175 


72.0 


11.33 


3,000,000 


42,000 


125 


168.8 


26.56 


5,100,000 


30,000 


90 


H3 .9 


22.64 


3,800,000 


27,000 


74 and under 


127.7 


20.09 


4,200,000 


33,000 










Average Activity 










per Unit Weight 


Totals 


635.5 


100 


1.9 x 10 7 


3.07 x 104. 



- 117 - 



PROJUCT 2.5a-2 



, STATION U-B-4 



Size of 
Fraction 

<H> 


Weight of 
Fraction 

(g) 


Percentage 
of 

Total Weight 


Activity 
(c/m) 


Activity 
per Unit Weight 
(c/m/g) 


4040 and over 


8.5 


16.46 


0 


0 


2845 


0.1821 


0.35 


0 


0 


2006 


0.2671 


0.52 


330 


1,200 


1420 


0.1859 


0.36 


17,000 


93,000 


1015 


0.2163 


0.42 


16, COO 


76,000 


715 


0.1387 


0.27 


16, COO 


110,000 


503 


0.1951 


0.38 


15,000 


77,000 


356 


0.2378 


0.46 


8,000 


33,000 


250 


0.4043 


0.78 


8,000 


19,000 


175 


1.2013 


2.33 


23,000 


18,000 


125 


3.9539 


7.66 


79,000 


20,000 


90 


6.3514 


12.30 


197,000 


31,000 


74. and under 


29.8 


57.71 


2,300,000 


78,000 


Totals 


•A.6 


100 


2.7 x 10 6 


Average Activity 
per Unit Weight 
| 5.23 x 10 4 



STATION U-E-5 



Size of 
Fraction 

(n) 


Weight of 
Fraction 

(g) 


Percentage 
of 

Total Weight 


Activity 
(c/m) 


Activity 
per Unit Weight 
(c/ra/g) 


4040 and over 


0.2448 


0.97 


170 


650 


2845 


0.2219 


0.S8 


130 


620 


2006 


0.3894 


1.55 


11,000 


27,000 


1420 


0.4392 


1.75 


520 


1,200 


1015 


0.4912 


1.95 


740 


1,500 


715 


0.4872 


1.94 


0 


0 


503 


0.7351 


2.92 


29,000 


39,000 


356 


1.3482 


5.36 


73,000 


54,000 


250 


1.0272 


4.C8 


16,000 


15,000 


175 


1.1019 


4.38 


5,900 


5,400 


125 


2.1627 


8.59 


39,000 


18,000 


90 


2.6885 


10,68 


41,000 


15,000 


74 and under 


13.8254 


54.94 


610,000 


44,000 


Totals 


25.2 


100 


8.28 x 10 5 


Average Activity 
per Unit Weight 
3.29 x 10* 



- 118 - 



PROJECT ?.5«-? 



STATION U-F-l 



Size of 



Fraction 


Fraction 




(g) 


4040 »nd over 


472.8 




182.fi 


2006 


194.3 


H20 


195.3 


1015 


186.1 


715 


161.5 


503 


157.5 


356 


145.3 


250 


135.1 


175 


134.6 


125 


140.0 


90 


89.8 


74 and under 


127.8 



Height of 



Percentage 
of 

Total Weight 



Activity 
(c/a) 



Activity 
per Unit Weight 
(c/ra/g) 



Totals 



2,322.9 



20.35 
7.87 
8.36 

8.41 
8.01 
6.95 
6.78 
6.26 
5.82 
5.79 
6.03 
3.S7 
5.50 



100 



210,000,000 
29,000,000 

37,000, or;, 
24,000,^00 

59,000,000 
62,000,000 
5*5,000,000 
37,000, CCO 
29,000,000 
11,000,000 
5,100,000 
2,400,000 I 
3,300,000' 



450,000 
160,000 
190,000 
120,000 
310,000 
380,000 

340,000 

250,000 
220,000 
84,000 
42,000 
27,000 
26,000 



5.72 x 



22ii 



Average Activity 
per Unit Weight 
2.4 x 10^ 



STATION U-F-2 



Si«e of 
Fraction 

(|0 


Weight of 

Fraction 

(g) 


Percentage 
of 

Total Weight 


Activity 
(c/m) 


Activity 
per Unit Weight 
(c/m/g) 


4040 and over 


3.3035 


1.24 


980 


290 


2845 


0.9143 


0.34 


100,000 


110,000 


2006 


1.8508 


0.70 


120,000 


68,000 


U20 


4.6327 


1.74 


1,000,000 


220,000 


1015 


11.9555 


4.49 


2,300,000 


190,000 


715 


19.9 


7.48 


6,300,000 


310,000 


503 


26.6 


10.00 


8,000,000 


300,000 


356 


22.9 


8.61 


7,600,000 


330,000 


250 


21.2 


7.97 


4,600,000 


220,000 


175 


26.4 


9.92 


4,200,000 


160,000 


125 


34.9 


13.12 


2,600,000 


76,000 


90 


26.9 


10.11 


1,500,000 


58,000 


74 and under 


64.6 


24.28 


5,500,000 


85,000 


Totals 


266.1 


100 


4.44 x 10 7 


Average Activity 
per Unit Weight 
1.67 x 105 
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PROJECT 2.5a-2 
STATION U-F-3 


Siase of 
Fraction 

(ji) 


Weight of 

Fraction 
(g) 


Percentage 
of 

Total Weight 


Activity 
(e/») 


Activity ~~ 
per Unit Weight 
(c/n/g) 


404.0 and oyer 

2845 

2006 

1420 

1015 

715 

503 

356 

250 

175 

125 
90 

74 and under 


20.2 
5.2857 
4.2823 
4.8067 
6.8973 
5.7741 
5.1388 
3.6646 
6.5417 

15.1759 

29.1 

27.6 

76.8 


9.56 
2.50 
2.03 
2.27 
3.26 
2.73 
2.43 
1.73 
3.10 
7.18 
13.77 
13.06 
36.35 


1,800,000 
60,000 
160,000 
490,000 
810,000 
700,000 
300,000 
160,000 
210,000 
400,000 
600,000 
610,000 

2,700,000 


93,000 ' 

11,000 

38,000 
100,000 
110,000 
120,000 

60,000 

43,000 

32,000 

26,000 

20,000 

22,000 

36.000 


Totals 


211.3 


100 


9.2 x 10 6 


Average Activity 
per Unit Weight 
4.35 x 10* 



STATION U-F-4 



Size of 
Fraction 


Weight of 
Fraction 

(g) 


Percentage 
of 

Total Weight 


Activity 
(c/«) 


Activity 
per Unit Weight 
(c/m/g) 


4040 and over 


0.6491 


3.20 


190 


330 


2845 


0.1237 


0.61 


190 


680 


2006 


0.1367 


0.67 


620 


4,600 


1420 


0.3382 


1.67 


7,800 


23,000 


1015 


0.2638 


1.30 


2,200 


8,200 


715 


0.3179 


1.57 


27,000 


85,000 


503 


0.5128 


2.52 


21,000 


41,000 


356 


0.6936 


3. a 


15,000 


21,000 


250 


1.0585 


5.21 


25,000 


24,000 


175 


1.6974 


8.36 


58,000 


34,000 


125 


2.5312 


12.46 


63,000 


24,000 


90 


2.4303 


11.96 


88,000 


36,000 


74 and under 


9.5591 


47.06 


530,000 


55,000 


Totals 


20.3 


100 


8.4 x 10 5 


Average Activity 
per Unit Weight 
4.15 x 10* 
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PROJECT 2.5fl-2 



STATION U-F-5 



Si«e of 

Fraction 

U) 


Weight of 

Fraction 
(g) 


Percentage 
of 

Total Weight 


Activity 
(c/a) 


Activity 
per Unit Weight 
(c/m/g) 


404.0 and over 


0.6129 


4.42 


120 


160 


2845 


1.1189 


8.06 


38 


34 


2006 


0.2036 


1.47 


100 


530 


1420 


0.1769 


1.27 


200 


1,000 


1015 


0.1974 


1.42 


1,700 


8,500 


715 


0.1910 


1.38 


2,200 


11,000 


503 


0.2198 


1.58 


3,100 


14,000 


356 


0.2370 


1.71 


8,600 


36,000 


250 


0.6272 


4.52 


68,000 


100,000 


175 


1.1210 


8.08 


55,000 


49,000 


125 


1.2173 


8.77 


36,000 


29,000 


90 


1.3961 


10.06 


22,000 


15,000 


74 and tinder 


6.5565 


47.25 


320,000 


48,000 


Totals 


13.9 


100 


5.2 x 105 


Average Activity 
per Unit Weight 
3.73 1 10* 



STATION U-G-l 



Size of 
Fraction 


Weight of 
Fraction 

(g) 


Percentage 
of 

Total Weight 


Activity 
(c/«) 


Activity 
per Unit Weight 
(c/n/g) 


4040 and over 


0.2949 


0.41 


32,000 


110,000 


2845 


0.5986 


0.84 


71,000 


110,000 


2006 


1.0627 


1.49 


110,000 


100,000 


1420 


2.6099 


3.65 


390,000 


150,000 


1015 


4.1839 


5.86 


840,000 


200,000 


715 


4.6448 


6.50 


1,600,000 


350,000 


503 


3.2886 


4.60 


1,600,000 


510,000 


356 


7.1085 


9.94 


3,500,000 


500,000 


250 


6.9080 


9.66 


2,400,000 


350,000 


175 


5.4111 


7.57 


1,100,000 


210,000 


125 


5.5647 


7.78 


760,000 


130,000 


90 


6.5215 


9.12 


790,000 


120,000 


74 and under 


23.2949 


32.58 


1,500,000 


64,000 


Totals 


71.5 


100 


1.51 x 10 7 


Average Activity 
per Unit Weight 
2.11 x 10 5 
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■PROJECT 2. 5a -2 



STATION U-G-2 



Si»e of 

Fraction 


Weight of 

Fraction 

(g) 


Percentage 
of 

Total Weight 


Activity 
(c/m) 


Activity 
per Unit Weight 
(c/m/g) 


4040 and over 


1.7713 


2.40 


290,000 


160,000 


2845 


0.6630 


0.90 


65,000 


98,000 


2006 


1.0324 


1.40 


300,000 


290,000 


1420 


2.9804 


4.04 


960,000 


320,000 


1015 


7.1868 


9.75 


2,500,000 


350,000 


715 


10.2980 


13.96 


3,000,000 


290,000 


503 


9.7554 


13.23 


2,700,000 


280,000 


356 


6.3939 


8.67 


1,900,000 


300,000 


250 


6.9348 


9.40 


2,200,000 


320,000 


175 


7.2329 


9.81 


1,500,000 


210,000 


125 


5.5682 


7.55 


830,000 


140,000 


90 


3.7442 


5.08 


240,000 


66,000 


74 and under 


10.1811 


13.81 


750,000 


74,000 


Totals 


73.7 


100 


1.76 x 107 


Average Activity 
per Unit Weight 
2.39 x 105 



STATION U-G-3 



Size of 
Fraction 

<H> 


Weight of 
Fraction 

<f> 


Percentage 
of 

Total Weight 


Activity 
(c/») 


Activity 
p-jr Unit Weight 
(c/«/g) 


4040 and over 


1.7139 


4.58 


82,000 


48,000 


2845 


0.5873 


1.57 


200,000 


340,000 


2006 


1.7084 


4.56 


150,000 


90,000 


1420 


2.4961 


6.67 


1,200,000 


510,000 


1015 


3.7540 


10.03 


1,100,000 


300,000 


715 


4.3961 


11.75 


710,000 


160,000 


503 


2.8517 


7.62 


870,000 


300,000 


356 


1.3673 


3.65 


290,000 


210,000 


250 


0.8346 


2.36 


140,000 


150,000 


175 


0.7089 


1.89 


51,000 


72,000 


125 


1.4272 


3.81 


60,000 


42,000 


90 


2.2913 


6.12 


57,000 


25,000 


74 and under 


13.2403 


35.38 


670,000 


50,000 


Total* 


37.4 


100 


5.71 x 10 6 


Average Activity 
per Unit Weight 
1.53 x 10? 
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PROJECT 2.^-2 



STATION U-G-4 



Size of 
Fraction 

W) 


Weight of 
Fraction 
(g) 


Percentage 
of 

Total Weight 


Activity 
(c/m) 


Activity 
per Unit Weight 
(c/m/g) 


40^0 and over 


0.1253 


1.46 


0 


0 


2845 


0.1394 


1.62 


52 


370 


2006 


0.0864 


1.00 


63 


720 


1420 


0.1247 


1.45 


10,000 


81,000 


1015 


0.1583 


1.84 


34,000 


210,000 


715 


0.2083 


2.42 


38,000 


180,000 


503 


0.2547 


2.95 


40,000 


150,000 


356 


0.3618 


4.20 


16,000 


45,000 


250 


0.7065 


8.20 


100,000 


150,000 


175 


1.3414 


15.56 


200,000 


150,000 


125 


1.2448 


14.44 


130,000 


100,000 


90 


0.9306 


10.79 


60,000 


64,000 


74 and under 


2.9373 


34.07 


160,000 


56,000 


Totals 


8.6 


100 


1 f 

1 

8.11 x 10 5 ; 


Average Activity 
per Unit Weight 
9.41 x 104 



STATION U-G-5 



Size of 
Fraction 

(n) 



4040 

2845 
2006 
1420 
1015 
715 
503 
356 
250 
175 
125 
90 
74 



and over 



and under 



Totals 



Weight of 
Fraction 
(g) 



j Percentage ^ 
i of j 

! Total Weight 



Activity 

(c/m) 



0.0757 
0.03a 
0.1193 
0 

0.1344 
0.1572 
0.2033 
0.2891 
0.5036 
1.1576 
1.2362 
0.8010 
2.6705 



7.4 



1.03 
0.43 
1.62 
0 

1.82 
2.13 
2.75 
3.92 
6.82 
15.69 
16.75 
10.85 
36.19 



100 



0 
12 

3,000 

0 

13,000 
210 
4,800 
6,000 
3,000 
73,000 
54,000 
26,000 
150,000 



3.08 x 105 



Activity 
per Unit Weight 
(c/m/g) 



0 

370 
25,000 
0 

99,000 
1,300 
23,000 
21,000 
59,000 
62,000 
44,000 
33,000 
58,000 

Average Activity 
per Unit Weight 
4.17 x 104 
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PROJECT 2..5o-2 



STATION U-H-l 



Siae of 

Fraction 


Weight of 
Fraction 
(g) 


Percentage 
of 

Total Weight 


Activity 
(c/>) 


Activity 
per Unit Weight 
(c/m/g) 


4040 and over 


0.1133 


0.17 


41,000 


360,000 ** 


2845 


O.2464 


0.37 


59,000 


240,000 


2006 


0.7392 


1.10 


530,000 


720,000 


U20 


2.6m 


3.90 


770,000 


290,000 


1015 


6.7002 


9.98 


1,200,000 


180,000 


715 


8.2896 


12.35 


1,900,000 


230,000 


503 


7.2533 


10.81 


2,000,000 


280,000 


356 


6.3590 


10.22 


2,000,000 


300,000 


250 


7.1128 


10.60 


2,000,000 


290,000 


175 


4. 9080 


7.31 


1,200,000 


240,000 


125 


3.9185 


5.84 


550,000 


uo,ooo 


90 


3.2287 


4.81 


310,000 


97,000 


74 and under 


15.H91 


22.57 


1,400,000 


94,000 


Totals 


67.1 


100 


1.44 x 10 7 


Average Activity 
per Unit Weight 
2.14 x 105 



STATION O-H-2 



Size of 
Fraction 

U) 


Weight of 
Fraction 
(g) 


Percentage 
of 

Total Weight 


Activity 
(c/«) 


Activity 
per Unit Weight 
(«/«/«) 


4040 and over 


0 


0 


0 


0 


2845 


0.0389 


0.07 


59 


1,500 


2006 


0.0881 


0.16 


23,000 


260,000 


1420 


0.5196 


0.96 


260,000 


510,000 


1015 


2.0952 


3.85 


640,000 


300,000 


715 


6.3069 


11.60 


2,000,000 


320,000 


503 


11.8245 


21.75 


3,400,000 


280,000 


356 


11.4916 


21.U 


1,100,000 


150,000 


250 


8.5757 


15.78 


2,000,000 


240,000 


175 


4.1961 


7.72 


920,000 


210,000 


125 


2.1369 


3.93 


420,000 


190,000 


90 


2.1658 


3.98 


360,000 


160,000 


74 and under 


4.9147 


9.04 


860,000 


170,000 


Totals 


54.4 


100 


1.22 x 10 7 


Average Activity 
per Unit Weight 
2.24 x 10 5 



- 124 



PROJECT 2. 5a -2 



STATION U-H-3 



Slie of 


weight or 


x'ercen uage 




Activity 


Fraction 


Fraction 


of 


Activity 


per UnifWeight 


W) 


(g) 


Total Weight 


(c/m) 


(c/m/g) 


4040 and ovor 


1.1 


3.25 


38 


35 


2845 


0.11U 


0.33 


100,000 


950,000 


2006 


0.3367 


0.99 


220,000 


660,000 


U20 


0.967A 


2.86 


540,000 


550,000 


1015 


3.3636 


9.93 


1,200,000 


370,000 


715 


6.6661 


19.68 


1,600,000 


240,000 


503 


6.010A 


17.74 


1,300,000 


220,000 


356 


1.5434 


A.56 


400,000 


260,000 


250 


0.7935 


2.3A 


140,000 


180,000 


175 


0.S573 


2.53 


40,000 


46,000 


125 


1.6272 


A.80 


74,000 


45,000 


90 


2.0967 


6.19 


98,000 


46,000 


74 and under 


8.4033 


24.80 


640,000 


77,000 










Average Activity 










per Unit Weight 


Totals 


33.8 


100 


6.55 x 10 6 


1.93 x 105 



STATION U-H-4 



Size of 
Fraction 

<»0 


Weight of 
Fraction 
(g) 


Percentage 
of 

Total Weight 


Activity 
(c/«) 


Activity 
par Unit Weight 
(c/Vg) 


4040 and over 


0 


0 


0 


0 


2845 


0 


0 


0 


0 


2006 


0.0156 


0.15 


1,400 


89,000 


1420 


0.0490 


0.47 


23,000 


460,000 


1015 


0.0366 


0.35 


16,000 


440,000 


715 


0.0494 


0.48 


7,800 


150,000 


503 


0.0673 


0,65 


19,000 


290,000 


356 


0.1611 


U55 


21,000 


130,000 


250 


0.2659 


2.56 


33,000 


120,000 


175 


0.7256 


6.98 


95,000 


130,000 


125 


1.3842 


13.32 


120,000 


87,000 


90 


1.2287 


11.82 


68,000 


55,000 


74 and tinder 


6.4104 


61.67 


450,000 


70,000 


Totals 


10.4 


100 


8.59 x 10 5 


Average Activity 
per Unit Weight 
8.26 x 10^ 
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- STATION U-H-J 




51 ae of 
Fraction 
(K) 


Weight of 
Fraction 
(g) 


Percentage 
of 

Total Weight 


Activity 
(c/m) 


Activity 
per Unit Weight 
(c/m/g) 


4040 and over 

2845 

2006 

1420 

1015 

715 

503 

356 

250 

175 

125 
90 

74 and under 


0.2201 
0.0713 
0.0716 
0.0366 
0.0675 
0.0486 
0.1911 
0.7186 
0.5099 
0.4744 
1.0369 
1,2502 
9.1137 


1.59 
0.51 
0.52 
0.26 
0.49 
0.35 
1.38 
5.18 
3.68 
3.42 
7.84 
9.02 
65.75 


0 
0 
79 
93 
1,300 
6,100 
75,000 
180,000 
84,000 
35,000 
46,000 
36,000 
470,000 


0 ~" 
0 

110 
250 

19,000 
127,000 
390,000 
260,000 
160,000 

74,000 

42,000 

29,000 

52,000 


Totals 


13.9 


100 


9.51 x 105 


Average Activity 
per Unit Weight 
6.86 x 10* 



STATION U-I-l 



Size of 
Fraction 


Weight of 
Fraction 

(g) 


Percentage 
of 

Total Weight 


Activity 
(c/m) 


Activity 
per Unit Weight 
(c/m/g) 


4040 and over 


0 


0 


0 


0 


2845 


0.0553 


0.15 


8,900 


200,000 


2006 


0.1474 


0.40 


120,000 


800,000 


1420 


0.3439 


0.94 


150,000 


500,000 


1015 


1.1798 


3.22 


660,000 


600,000 


715 


3.0737 


8.40 


1,000,000 


400,000 


503 


5.3027 


15.85 


1,200,000 


200,000 


356 


3.7923 


10.36 


910,000 


400,000 


250 


8.8855 


24.27 


2,100,000 


400,000 


175 


6.1377 


16.76 


1,700,000 


400,000 


125 


2.7196 


7.43 


660,000 


300,000 


90 


1.7928 


4.90 


450,000 


300,000 


74 and under 


2.6806 


7.32 


450,000 


200,000 


Totals 


36.6 


100 


9.6 x 10 6 


Average Activity 
per Unit Weight 
2.63 x 10? 
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STATION D-I-2 



81 ae of 

Fraction 

<n) 


Weight of 

Fraction 

<g) 


Percentage 
of 

Total Weight 


Activity 

(c/m) 


Aotlvity 
per Unit Weight 
(c/a/g) 


4040 and over 


0 


0 


0 


0 


2845 


0.0240 


0.07 


72 


3,100 


2006 


0.0820 


0.23 


3,000 


36,000 


1420 


0.1713 


0.49 


64,000 


370,000 


1015 


0.6724 


1.92 


322,000 


480,000 


715 


1.9444 


5.54 


0 


0 


503 


7.6191 


21.71 


2,200,000 


290,000 


356 


9.3277 


26.57 


1,900,000 


200,000 


250 


3.5009 


9.97 


700,000 


200,000 


175 


1.9995 


5.70 


420,000 


210,000 


125 


1.9443 


5.54 


330,000 


170,000 


90 


1.6837 


4.80 


230,000 


130,000 


74 and under 


6.1388 


17.49 


920,000 


140,000 


Totals 


35.1 


100 


7.2 x 10 6 


Average Aotivity 
per Unit Weight 
2.05 x 105 



STATION 0-1-3 


Size of 


Weight of 


Percentage 


Fraction 


Fraction 


of 


(►O 


(g) 


Total Height 


4040 and over 


0.0358 


0.06 


2845 


0.0515 


0.08 


2006 


0.2483 


0.38 


1420 


0.3639 


0.56 


1015 


0.9356 


1.45 


715 


2,7694 




503 


11.5631 


17.87 


356 


15.8999 


26.11 


250 


14.0179 


21.66 


175 


7.7255 


11.94 


125 


3.3997 


5.25 


90 


3.4536 


5.34 


74 and under 


4.2497 


6.57 


Totals 


64.7 


100 



Activity 
(c/m) 



Activity 
per Unit Weight 
(c/a/g) 



0 
0 

91,000 
190,000 
460,000 
1,100,000 
3,200,000 
4,300,000 
4,900,000 
2,300,000 
710,000 
770,000 
900,000 



1.92 x 10' 



0 
0 

360,000 
540,000 
490,000 
400,000 
280,000 
270,000 
350,000 
300,000 
210,000 
220,000 
210,000 

Average Activity 
per Unit Weight 
2.97 x 105 
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STATION U-I-4 



Size of 

Fraction 


Weight of 
Fraction 
(g) 


Percentage 
of 

Total Weight 


Activity 
(c/m) 


Activity 
per Unit Weight 
(c/m/g) 


4040 and over 


0 


0 


0 


0 


2845 


0.0235 


0.17 


3,200 


130,000 


2006 


0.0801 


0.59 


34,000 


420,000 


U20 


0.1176 


0.86 


87,000 


740,000 


1015 


0.5744 


4.20 


220,000 


390,000 


715 


1.8385 


13*45 


940,000 


500,000 


503 


4.5306 


33.15 


1,300,000 


290,000 


356 


1.7441 


12.76 


300,000 


170,000 


250 


0.2739 


2.00 


38,000 


140,000 


175 


0.4339 


3.17 


62,000 


140,000 


125 


0.5121 


3.75 


41,000 


80,000 


90 


0.6085 


4.45 


49,000 


81,000 


74 and under 


2.9299 


21.44 


390,000 


135,000 


Totals 


13.7 


100 


3.55 x 10 6 


Average Activity 
per Unit Weight 
2.59 x 105 



STATION 0-1-5 



Size of 
Fraction 

U) 


Weight of 
Fraction 
(g) 


Percentage 
of 

Total Weight 


Activity 
(c/m) 


Activity 
per Unit Weight 
(c/m/g) 


4040 and over 


0 


0 


0 


0 


2845 


0 


0 


0 


0 


2006 


0 


0 


0 


0 


1420 


0.04.12 


0.27 


1,900 


47,000 


1015 


0.0521 


0.35 


4,600 


89,000 


715 


0.1639 


1.09 


94,000 


610,000 


503 


1.9397 


12.88 


931,000 


480,000 


356 


4.0100 


26.63 


1,100,000 


280,000 


250 


1.5826 


10.51 


420,000 


260,000 


175 


1.7136 


11.38 


450,000 


260,000 


125 


1.4228 


9.45 


300,000 


210,000 


90 


0.8899 


5.91 


110,000 


130,000 


74 and under 


3.2419 


21.53 


340,000 


100,000 


Totals 


15.1 


100 


4.27 x 10 6 


Average Activity 
per Unit Weight 
2.83 x 10* 
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STATION U-I-6 



Site of 

Fraction 

U) 


Weight of 
Fraction 
<g) 


Percentage 
of 

Total Weight 


Activity' 
(c/m) 


Activity 
per Unit Tf eight 

(cA/g) 


4040 and over 


0 


0 


0 


0 


2845 


0 


0 


0 


0 


2006 


0.0357 


0.58 


37,000 


1,100,000 


U20 


0.0746 


1.21 


59,000 


790,000 


1015 


0.31*^ 


5.15 


170,000 


540,000 


715 


0.92.1.. 


14.94 


210,000 


220,000 


503 


0/739 


10.92 


100,000 


150,000 


356 


0.2270 


3.68 


4,100 


20,000 


250 


0.4195 


6.80 


5,500 


13,000 


175 


0.6467 


10.48 


4,900 


7,700 


125 


0.9835 


15.94 


8,200 


8,300 


90 


0.7820 


12.68 


5,200 j 


6,600 


74 and under 


1.0070 


17.62 


12,000 


11,000 


Totals 


6.2 


100 


i 

6.28 x 105j 


Average Activity 
per Unit Weight 
1.C2 x 105 



STATION D-I-8 



Size of 

Fraction 


Weight of 

Fraction 

(g) 


Percentage 
of 

Total Weight 


Activity 
(c/n) 


^ Activity 
per Unit Weight 
(c/Vg) 


4040 and over 


0 


0 


0 


0 


2845 


0 


0 


0 


0 


2006 


0.1095 


5.57 


16 


140 


1420 


0.0275 


1.40 


15,000 


550,000 


1015 


0.0394 


2.00 


20,000 


520,000 


715 


0.2003 


10.19 


150,000 


760,000 


503 


0.2591 


13.18 


97,000 


370,000 


356 


0.7442 


37.85 


200,000 


270,000 


250 


0.1701 


8.65 


27,000 


160,000 


175 


0.0718 


3.65 


1,200 


16,000 


125 


0.0885 


4.50 


1,000 


11,000 


90 


0.0912 


4.64 


1,000 


12,000 


74 and under 


0.1647 


8,38 


3,100 


19,000 


Totals 


2.0 


100 


5.24 x 105 


Average Activity 
per Unit Weight 
2.66 x 105 
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STATION O-N-l 



Sice of 

Fraction 
<H) 


Weight of 
Fraction 

(«) 


Percentage 
of 

Total Weight 


Activity 
(c/m) 


Activity*** 
per Unit Weight 
(c/a/g? 


4040 and over 


0 


0 


0 


0 ~~ 


2345 


0.0073 


0.15 


0 


0 


2006 


0 


0 


0 


0 


U20 


0 


0 


0 


0 


1015 


0 


0 


0 


0 


715 


0.0203 


0.42 


200 


10,000 


503 


0.0174 


0.36 


2,000 


120,000 


356 


0.0596 


1.22 


21,000 


350,000 


250 


0.1981 


4.06 


59,000 


290,000 


175 


0.5110 


10.48 


190,000 


330,000 


125 


0.7952 


16.31 


220,000 


280,000 


90 


0.7498 


15.38 


175,000 


230,000 


74 and under 


2.5163 


51.62 


450,000 


170,000 


Totals 


4.9 


100 


1.1 x 10 6 


Average Activity 
per Unit Weight 
2.27 x HP 



STATION U-N-3 



Size of 
Fraction 


Weight of 
Fraction 
(g) 


Percentage 
of 

Total Weight 


Activity 
(c/m) 


Activity 
per Unit Weight 

C<vVg) 


4040 and over 

2845 
2006 
1420 
1015 

715 

503 

356 

250 

175 

125 
90 

74, and under 


0 
0 
0 
0 
0 

0.0136 

0.0393 
0.3103 
0.6453 
1.4116 
2.4892 
1.7908 
4.2523 


0 
0 
0 
0 
0 

0.12 
0.36 
2.33 
5.39 
12.39 
22.73 
16.35 
38.83 


0 
0 
0 
0 
0 

130 

15,000 
114,000 
190,000 
460,000 
690,000 
440,000 
980,000 


0 
0 
0 
0 
0 

10,000 

380,000 
360,000 
300,000 
330,000 
270,000 
240,000 
230.000 . 


Totals 


11.0 


100 


2.91 x 10 6 


Average Activity 
per Unit Weight 
2.66 x 105 J 
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STATION U-N-4 



Site of 


Weight of 


Percentage 




Activity 


Fraction 


Fraction 


of 


Activity 


per Unit Weight 




(a) 


Total Weight 


(eA) 


(c/m/g) 


4040 and ovor 


0 


0 


0 


0 


2845 


0 


0 


0 


0 


2006 


0 


0 


0 


0 


1420 


0 


0 


c 


0 


1015 


0.0164 


0,06 


550 


33,000 


715 


0.0653 


0.27 


18,000 


280,000 


503 


0.2488 


1.03 


99,000 


390,000 


356 


0.9017 


3.72 


340,000 


380,000 


250 


2.9043 


11.97 


900,000 


310,000 


175 


5.4063 


22.52 


1,700,000 


320,000 


125 


4,7592 


19.63 


1,200,000 


270,000 


90 


1.8838 


7.77 


400,000 


210,000 


74 and under 


8.0627 


33.25 


1,300,000 


170,000 










Average Activity 










per Unit Weight 


Totals 


24.2 


100 


6.24 x 10 6 


2.57 x 10 5 



STATION U-N-5 



Size of 
Fraction 

<n) 


Weight of 
Fraction 

(g) 


Percentage 
of 

Total Weight 


Activity 
(c/n) 


Activity 
per Unit Weight 
(c/Vg) 


4040 and over 


0.0046 


0.02 


0 


0 


2845 


0.0126 


0.07 


0 


0 


2006 


0.0178 


0.10 


0 


0 


1420 


0.0298 


0.17 


0 


0 


1015 


0.1200 


0.67 


61,000 


500,000 


715 


0.4032 


2.24 


140,000 


360,000 


503 


1.0520 


5.83 


290,000 


280,000 


356 


1.0929 


6.06 


360,000 


330,000 


250 


2.1153 


11.73 


760,000 


360,000 


175 


3.0855 


17.10 


970,000 


310,000 


125 


3.3095 


18.35 


930,000 


280,000 


90 


1.6026 


8.88 


310,000 


190,000 


74 and under 


5.1297 


28 .44 


820,000 


150,000 


Totals 


18.0 


100 


4.70 x 10 6 


Average Activity 
per Unit Weight 
2.76 x 10 5 
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ABSTRACT 



A study has bean made of fall-out particles from both the surface 
and the underground shots at Operation JANGLE. Particles were collected 
upon trays placed downwind five to ten miles from point zero. The size, 
radioactivity present including decay, and chemical composition of the 
particles were determined. The method of mechanical separation of the 
radioactive particles from the non-active material gave a preference for 
large sizes. However, the findings indicate that particles as large as 
five hundred microns fall as far as ten mil^s from the point of detona- 
tion. 
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CHAPTER 1 



INTRODUCTION 



1,1 BACKGROUND 

Fall-out of radioactive particles from the cloud after an atonic 
bonib has been detonated at or near the ground is a well known and nuch 
studied phenomena. Since the first shot at TRINITY, it has been known 
that particulate matter falls over a rather wide area. For the most 
part the collection of this material has been confined to air sampling 
devices. After the first shot at Operation GR^SNHOUSK it was noted 
that rather high levels of activity were encountered on the inhabited 
islands. Soil samples were collected and by tedious methods of mechan- 
ical separation of the radioactive material, the average size was found 
to be above 50 microns. Prior to this time most investigators felt that 
the largest quantity of radioactivity falling out from a cloud after an 
atomic bomb were particles of 5 microns or le3s. Thus, with the opening 
of the proving ground in Nevada, it was desirable to ascertain the truo 
conditions which would exist after the contaminating burst. 

A small amount of radioactivity was encountered at the Control 
Point building after one of the BUSTER shots and here, as at GREENHOUSE, 
samples of soil were collected and a few particles were isolated. These 
particles were approximately 500 microns in diameter and had the appear- 
ance of fused soil. They contained radioactivity, either absorbed in 
the particle or mechanically held after the cooling process. The sam- 
ples hereafter discussed were collected after the surface and under- 
ground shots from the JANGLE operation. 
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CKAPTiR 2 



TECHNICS AND OBSERVATIONS 



2.1 SAMPLE CO LLECTICN 

Inasmuch as it was necessary to adhere rather closely to tho 
agreed wind requirements for shot time,, the sampling points were sel- 
ected several weeks prior to the shots. These areas were determined 
by the Army Chemical "Center, under the direction of Lt. Col. Rcbbins. 
Among the equipment at the station points selected was a 7-foot steel 
tower. In order to ascertain that the material collected was true fn.ll- 
out, wooden trays were made measuring approximately 2 feet wide and 3 
feet long with a one-half inch border protruding above the surface so 
that any material falling onto the tray would not be blown off. Then 
at D-l, a section of thin plastic material was placed on the surface of 
each tray and anchored in such a way that the wind would not cause it 
to whip. The trays were then placed on the above mentioned towers. 
Personnel of Project 2.5a-l went forward to collect these trays as soon 
as the radiological situation would permit. In most cases this was 
within three days. The area covered by the sampling points extended 
out to 14 miles. Some radioactivity was found on several of the col- 
lecting trays and particularly on those immediately downwind. The 
points from 5 to 10 miles in both the surface and underground shots 
gave the highest total reading for the radioactivity collected. 

2.2 ISOLATION TECHNIQUE 

The method used for isolating the radioactive pprticles is more 
applicable to the larger particles, although any amount of activity 
which could be detected was investigated. A small amount of the soil 
and/or fall-out particles from the tray was placed on a microscope 
slide and distributed rather evenly over the surface. The slide was 
then placed on the table approximately one inch under the counter tube 
and surveyed. A No. 263 G. M. Field Counter was used in 3ome instances, 
but for the most part a more sensitive Nuclear Instrument and Chemical 
Corporation Laboratory Survey Model was used. The thin window was 
covered by a piece of aluminum one-eighth of an inch thick with a hole 
in the center one-fourth of an inch in diameter. This served to some- 
what collimate the beta activity. If, as the tube crossed the area, a 
particle or particles gave an increased number of counts, the material 
was isolated and placed on another slide. The operation was continued 
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until such time as only one particle 3ho-.vi.ng activity mmi r.-v 1 . of tho.wi 
originally removed for study. After aacortn ining that only onr: particle 
rim present to give the reading on the Survey f.icter, the particle war. 
mounted under cellophane tape or placed in a snail droplet, of quick dry- 
ing plastic. Several hundred particles were isolit.-i by this method --nd 
approximately 250 of those wen"; carefully exirr.ined. 

2.3 PHYSICAL OBSERVATIONS 

Approximately 250 particles were mounted; of these, 150 w v. iso- 
lated from the surface shot and 100 frop, the underground shot. Photo- 
graphs were raf.de of particles from each shot, four of e:-.oh being pre- 
sented in Figures 2.1 through 2.3. It will be noted that the eye pi<;~o 
micrometer is clearly indicated. The scale for one division equals 15 
microns, or a total of 750 microns for the micrometer. The photographs 
were made by using reflected light rather than transmitted light in or- 
der to bring out as much of the character of the material as possible. 

It was found that many of the particles from the surface shot were 
smooth, round and bead-like in appearance of varying transparency, show- 
ing continuity of material resembling glass. In a private communica- 
tion from Dr. Charles Williams, the author wa3 in.form.od that the index 
of refraction of the particles was 1,572 - 1.578, which is typical of 
the index of refraction of glass. Photographs of typical spherical 
particles recovered from the surface shot appear in Figures 2.1 and 
2.2. An interesting irregularity associated with a spherical particle 
is shown in Figure 2.3. 

Some particles from the surface shot and all from the underground 
shot were irregular in shape and somewhat opaque in appearance. No 
attempt is made to describe each particle isolated but an indication 
of size variation and extreme irregularity of shape of these particles 
Is illustrated in Figures 2.4 - 2.8. The particles appeared to be 
fused earth with adhering small metallic points and imbedded black 
specks. These points and specks varied from sub-micron size up to 
fifteen microns, with the majority from one-half to two microns in 
size. Observations made in the course of activity measurements indi- 
cated that the greater the number of these black specks the greater 
the activity. 

2.4 CHEMICAL ANALYSIS 

It was highly desirable to know the elements present in these 
particles in quantities large enough to be chemically analyzed. 



3 



PRPJLCT 2.5a-3 



i ' » 



Fig* 2.1 Surface Shot Particle 
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2.2 Surface Shot Particle 
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Jig. 2.3 Surface Shot Particle 



lifi. 2.4 Surface Shot Particle 
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Underground Shot Particle 



Underground Shot Particle 
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Jig. 2.5 Underground Shot Particle 
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Fig. 2.6 Underground Shot Particle 
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Pig. 2.7 Underground Shot particle 




lig. 2.8 Underground Shot Particle 
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However, because of the critical nature of the experiment it was deemed 
advisable to have a complete spectrographs analysis made. With this 
in mind ten particles from .the surface shot and ten from the under- 
ground event were analyzed at the National Bureau of Standards and a 
report of the findings is given in Tables 2.1 and 2.2. Elements not 
detected in any of the particles examined include the following: Ag, 
As, Be, Bi, Cb, Cd, Co,* In, l!o, Hi, Ta, Th, U, V, Zn, Zr. 

There appear to be no significant differences in the composition 
of the individual large particles collected from the fall-out of either 
shot. Furthermore, the chemical composition of large active particles 
is the same as that of the original soil (See report of Project 2.8, 
Operation JANGIE) except for minor constituents 7/hich were not looked 
for in both analyses. 

TABLE 2.1 



Chemical Composition of Surface Shot Particles* 





Size 


Major Constituents 




I 


.inor Imnurities 








Slide 


in 


over 10* 1 


- 10$ 




less than O.l* li 


sted 






No. 


Kicrons 


(listed in order of 




in alphabetical order 










concentration) 




















110 


450 


Si 


Al 


Fe 


Ca 


Kg 


3a 


Cu 


Kn Na 


Pb 


Sn 


Sr 


Ti 




113 


495 


Si 


Al 


Fe 


Ca 


Kg 


Ba 


Cu 


Mn Na 


Pb 


3n 


Sr 


Ti 




105 


395 


Si 


Al 


Fe 


Ca 


Kg 


3a 


Cu 


Kn Na 


Pb 


Sn 


^r 


Ti 




100 


465 


Si 


Al 


Fe 


Ca 


Lg 


Ba 


Cu 


Kn Na 


Pb 


Sn 


Sr 


Ti 




82 


465 


Si 


Al 


Fe 


Ca 


Kg 


Ba 


Cu 


Kn Na 


Pb 


Sn 


Sr 


Ti 


Cr 


75 


480 


Si 


Al 


Fe 


Ca. 


Kg 


Ba 


Cu 


Kn Na 


Pb 


Sn 


Sr 


Ti 


Cr 


72 


525 


Si 


Al 


Fe 


Ca 


Kg 


Ba 


Cu 


Kn Na 


Pb 


Sn 


Sr 


Ti 


Cr 


47 


375 


Si 


Al 


Fe 


Ca 


Kg 


Ba 


Cu 


Kn Na 






Sr 


Ti 


am 


73 


510 


Si 


Al 


Fe 


Ca 


Mg 


Ba 


Cu 


Kn Na 


Pb 


Sn 








71 


525 


Si 


Al 


Fe 


Ca 


Kg 




Cu 


- Na 












91 


465 


Si 


Al 


Fe 


Ca 


Kg 




Cu 


- Na 












108 


360 


Si 


Al 


Fe 


Ca 


Kg 




Cu 


- Na 






Sr 






103 


480 


Si 


Al 


Fe 


Ca 


Kg 




Cu 


Kn Na 












90 


495 


Si 


Al 


Fe 


Ca 


Mg 




Cu 


Kn Na 


Pb 


Sn 


mm 







* Thc3e analyses, made on Individual particles, need not necessarily 
a^roe with chemical analyses made on pre-shot gross soil sejr.plc3." 
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2.5 RADIOCHcJ.'.ICAL tSASURHENTS 

In an attempt to ascertain whether there was any difference in the 
radioactive substances adhering to the fused mass, 25 of the more active 
particles collected from each shot '.Tere used for studying the beta de- 
cay rate. It was found that the decay curves, plotted on log-log paper, 
were very characteristic and were in every -,-ay similar regardless of the 
size of the particle used. !7hile there is a slight variation from tho 
surface shot to the underground shot, there v;as no marked deviation in 
the decay characteristics between individual particles collected for 
either shot. This report does not give all the data collected, but one 
representative set of data is given for each of the two shots. In ad- 
dition to the representative decay data v/hich appear in Tables 2.3 and 
2.4. and as curves C and D in Figure 2.9, the decay data for gross cra- 
ter lip samples is presented as curves A and B in Figure 2.9 for com- 
parison. The crater lip sample data was furnished by Dr. Charles Max- 
TOll of the National Institutes of Health. The reader is referred to 
the report of Project 2.6c-l for further information on the physical 
and chemical nature of crater lip samples, A comparison of these data 
shows that the activity is not selective as might* first be thought. 

TABLE 2.2 



Chemical Composition of Underground Shot Particles 



Slide 


Size 


Major Constituents 






Minor Imourities 




in 


over 10% 1 


- 10% 






less 


than 


0.1 


I listed 


No. 


Microns 


(listed in order of 






in alphabetical order 






concentration) 




















114. 


1050 x 750 


Si 


Al 


Fe 


Ca 


Kg 


Ba 


Cu 


Mn 


Ha 


Pb 


Sn 


Sr 


Ti Cr 


93 


540 x 665 


Si 


Al 


Fe 


Ca 


Kg 


Ba 


Cu 


Mn 


Na 


Pb 


rs 

>n 


3r 


Ti Cr 


95 


450 x 665 


Si 


Al 


Fe 


Ca 


Mg 


Ba 


Cu 


Mn 


Na 


Pb 


Sn 


Sr 


Ti Cr 


70 


525 x 360 


Si 


Al 


Fe 


Ca 


Kg 


Ba 


Cu 


Mn 


Na 


Pb 


Sn 


Sr 


Ti Cr 


115 


625 x 225 


Si 


Al 


Fe 


Ca 


Kg 


Ba 


Cu 


Mn 


Na 


Pb 




Sr 


Ti - 


101 


ISO x 375 


Si 


Al 


Fe 


Ca 


Mg 




Cu 


Mn 


Na 


Pb 






- - 


73 


550 x 400 


Si 


Al 


Fe 


Ca 


Kg 


Ba 


Cu 


Mn 


Na 


Pb 


Sn 


Sr 


Ti ?Cr 


36 


600 x 600 


Si 


Al 


Fe 


Ca 


Kg 




Cu 


Mn 


Na 








60 


1075 


Si 


Al 


Fe 


Ca 


Mg 


-? 


Cu 


Mn 


Na 


Pb 






«•» mm 


59 


375 x 375 


Si 


Al 


Fe 


Ca 


Mg 


Ba 


Cu 


Mn 


Na 


Pb 




Sr 




38 


225 x 300 


si 


Al 


Fe 


Ca 


Mg 


Ba 


Cu 


Mn 


Na 


Pb 




-? 


•ft *• 


29 


1050 x 300 


si 


Al 


Fe 


Ca 


Mg 


Ba 


Cu 


Mn 


Na 


Pb? 


Sn 




-? - 


5? 


275 x 225 


Si 


Al 


Fe 


Ca 


Mg 


Ba 


Cu 


Mn 


Na 


Pb 


Sn 




Ti - 
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Radioactive analysis was not carried out because it was not con- 
sidered to be within the scope of this study. However, every particle 
isolated was very carefully studied with respect to the amount of total 
activity present. The counting geometry was determined by using a co- 
balt standard in the same relative position to the thin window Geiger 
tube used. Table 2.5 and Table 2.6 give the complete analysis as found, 
including the size of the particle, the activity found, the size in cu- 
bic millimeters, and the activity present at the end of one hour, using 
the decay curve for crater lip samples, Figure 2.9, Curves A and'B, 
The size in cubic millimeters was determined by using the 4/3 R3 form- 
ula for the spheres, and for the irregular particles the long axis was 
multiplied by the square of short axis. This was assumed to be within 
the limits of error and certainly within the limits of the method of 
examination. All particles from both series are included. 



TABLE 2.3 



Beta Decay Data for Surface Particle 



Hour 



Day 



Hours After 
Zero 



Counts per 

Second 



1330 
1945 
0930 
1045 
1930 
0945 
2200 
1030 
2130 
1130 
2000 
1000 
1030 
0830 
1015 
0830 
1045 
1000 
1345 
1715 
1045 



21 
21 

22 
23 
23 
24 
24 
25 
25 
26 
26 
27 
28 
29 
30 
1 
2 
3 

11 

19 

26 



2 



November 
November 
November 
November 
November 
November 
November 
November 
November 
November 
November 
November 
November 
November 
November 
December 
December 
December 
December 
December 
December 
Js-mwry 



52 
59 
72 
98 
106 
121 
133 
H5 
156 
170 
179 
193 
217 
239 
265 
287 
314 
336 
533 
723 
S95 
1062 



467 
417 
342 
247 

223 
197 
164 
144- 
130 
112 
104 

91 

74 

63.5 

51 

43 

37.8 

33,5 
12.3 
12.2 
10.3 
8.3 
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TA3I£ 2.4 



Beta Decay Date, for Underground Particle 



Hour 


Day 


Hours After 


Count; - , per 




Zero 


Second 


1330 


30 November 


30.5 


406 


06^5 


1 December 


43 


325 


1830 


1 December 


54 


247 


0930 


2 December 


71 


188 


1915 


2 December 


79 


167 


1030 


3 December 


94 


143 


1830 


3 December 


102 


12.Z 


0900 


4 December 


117 


11C 


1100 


6 December 


167 


64 


1330 


7 December 


191.5 


49 


1000 


3 December 


212 


39.6 


0815 


10 December 


260 


26.2 


0930 


U December 


285 


22 


0900 


12 December 


309 


18.2 


1345 


14 December 


362 


34 


1315 


17 December 


433 


9 


1315 


19 December 


481 


8.1 


0945 


21 December 


536 


7.1 


1430 


26 December 


658 


5.0 


1545 . 


2S December 


685 


4.5 


1600 


2 January 


826 


3.6 


1445 


4 January 


872 


3.4 
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100,000 



A = UNDERGROUND LIP SAMPLES 
B = SURFACE LIP SAMPLES 
C = UNDERGROUND PARTICLE 
D= SURFACE PARTICLE 



Q 

O 
O 
OJ 
CO 

GC 
UJ 
CL 

(J) 

H 

O 
O 



10,000 - 




1000 - 



100 - 



100 
HOURS 



1000 10,000 



Fig. 2.9 Beta Decay Curves 
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TABLS 2.5 



Activity Data for Surface Shot particles 









Counts 








Extrapolated 




Size In 


rer 


Size In 


DC X 


nc x 10~ 5 


to One Hour 




toicron.9* 


Second 






ET.3 


nc/particle 

• * 

•** 






Readings 


cade on 2 


3 Hovenber 1951 




1 


450 x 450 
x 450 


118.0 


0.0915 


122.0 


1330.0 


0.08 


2 


650 


380.0 


0.140 


334.0 


2810.0 


0.252 


3 


450 


104.0 


0.0472 


108.0 


2290.0 


0.07 


4 


600 


280.0 


0.108 


290.0 


2590.0 


0.191 


5 


425 


400.0 


0.042 


415.0 


9800. 0 


0.274 


6 


450 1 373 
4 150 


330.0 


0.095 


342.0 


3600.0 


0.228 


7 


1140 x 495 


70.0 


0.280 


72.5 


259.0 


0.047 


8 


450 


94.0 


0.0483 


97.5 


2000.0 


0.055 


9 


465 


72.0 


0.0523 


74.5 


1410.0 


0.049 


10 


315 550 


280.0 


0.111 


290.0 


2515.0 


0.192 


11 


465 


160.0 


0.0523 


167.0 


3180.0 


0.11 


12 


450 


19.7 


0.0478 


20.2 


423.0 


0.013 


13 


495 x 200 


165.0 


0.0695 


171.0 


2450.0 


0.113 


14 


345 


66.0 


0.0223 


68.5 


3060.0 


0.045 


15 


375 


180.0 


0.0282 


187.0 


6630.0 


0.123 


16 


450 


88.0 


0.048 


91.0 


1900.0 


0.06 


17 


555 


47.0 


0.0895 


48.8 


547.0 


0.0316 


18 


500 


112.0 


0.0655 


116.0 


1780.0 


0 077 


19 


1100 x 450 


197.0 




203.0 


910.0 


0 1 7A 


20 


495 


350.0 


0.0617 


362.0 


5860.0 


0 P^P 

\J iOOC 


21 


500 


220.0 


0.06G 


228.0 


3440.0 


0.151 


22 


330 


57.0 


0.0189 


59.0 


3110.0 


0.039 


23 


450 


197.0 


0.0484 


204.0 


4220.0 


0.135 


24 


480 


75.0 


0.058 


78.0 


1340.0 


0.052 


25 


330 


12.0 


0,02 


12.4 


624.0 


0.008 


26 


330 


72.0 


0.02 


74.5 


3700.0 


0.049 


27 


465 


81.0 


0.052 


84.0 


1610.0 


0.055 


28 


375 


1G.5 


0.0286 


17.1 


600.0 


0.011 


29 


400 


112.0 


0.0336 


116.0 


3460.0 


0.077 


30 


450 J. 105 


306.0 


0.09 


317.0 


3510.0 


0.209 


31 


480 


120.0 


0.0578 


124.0 


2150.0 


0.082 


32 


550 


304.0 


0.0872 


315.0 


3590.0 


0.208 


33 


450 


210.0 


0.0480 


217.0 


4500.0 


0.143 


34 


375 


80.0 


0.029 


83.0 


2850.0 


0.055 


35 


480 


170.0 


0.058 


176.0 


3040.0 


0.115 


36 


495 


140.0 


0.063 


145.0 


2310.0 


0.095 


37 


420 


98.0 


0.039 


101.0 


2590.0 


0.067 
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2.5 (Cont.) 





Size In 
Microns* 


Jountt ~ 
?er 

jecond 


Size In 


mc x 


ue x 10" 5 


Extrapolated 
to On* Hour 


No. 




10"5 




me/particle 


38 
39 
40 
41 

42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

56 
57 
58 
59 
60 
61 

62 
63 
64 

65 

66 

' -.7 


850 
540 
400 

450 x 480 
/ 200 x 150 

480 
525 
495 

750 x 225 

525 

375 

450 

600 

390 

630 

450 

730 

850 x 975 
375 

/ 600 x 75 

375 x 300 

600 

375 

750 

645 / 250 
400 •!■ 100 
/ 150 

300 x &25 
2 mm x 1.2 mm 
180 x 225 
700 x 375 
300 x 225 
330 x 400 
. 450 x 600 
450 x 600 


42.0 
208.0 

47.0 
270.0 

250.0 

83.0 
147.0 

19.7 
187.0 

C2.0 
193.0 
148.0 
110.0 
133.0 

86.0 
£10.0 
450.0 

39.0 

13.3 
185.0 
145.0 
530.0 
300.0 

35.0 

3.2 
1100.0 
1.3 
10.0 
2.1 
3.3 
10.0 
118.0 


0.322 
0.082 
0.0336 
0.0713 

0.0585 

0.0755 

0.063 

0.0466 

0.075 

0.0286 

0.0480 

0.113 

0.0311 

0.138 

0.04S0 

0.206 

0.375 

0.0324 

0.0336 

0. 113 

0.0286 

0.211 

0.16 

0.0505 

0.0152 

2.88 

0.0072 

0.098 

0.0153 

0.0435 

0.122 

0.122 


43.5 
320.0 

49.0 
280.0 

259.0 

36.3 
152.0 

20.2 
193.0 

34.0 
199.0 
153.0 
114.0 
134.0 

89.0 
214.0 
465.0 

40.5 

13.8 
lso.v 
150.0 
540.0 
312.0 

3G.3 

3. 6 
1140.0 
1.4 
11.2 
2.2 
3.4 
10.2 
120.0 


135.0 
3900.0 
1450.0 
3920.0 

4530.0 
1140.0 
2410.0 
435.0 
2580.0 
1180.0 
4150.0 
1360.0 
5670.0 
1000.0 
1800.0 
1040.0 
1240.0 
1250.0 

403.0 

T *7AA A 

5270.0 
2560.0 
1940.0 
720.0 

232.0 
400.0 
195.0 
112.0 
143.0 
78.0 
23.0 
985.0 


0.038 
0.211 

0.032 j 
0.185 j 

0.171 ; 

0.056 

0.10 

0.013 

0.127 

0.021 

0.131 

0.101 

0.075 

0.103 

0.068 

0.1C4 

0.358 

3.031 

0.01 

0.113 
0.41 
0.236 
0.028 

0.002 

0.87 

0.001 

0.008 

0.0016 

0.002 

0.0077 

0.091 






Headings made 


27 November 1951 




70 
71 

72 
73 


525 

525 
510 
540 


115.0 
47.0 
54.0 

116.0 


0.0755 
0.0755 
0.0696 
0.079 


120.0 
48.8 
55.8 

120.0 


1590.0 
648.0 
801.0 

1520.0 


0.1655 
0.0876 
0.0772 
0.1665 



- u - 



TA5LS 2.5 (Cont.) 









Counts 








nxtra^olr-ted 




*lze In 




Sise In 


CC X 


nc x 10~5 


to One Hour 




"nicrons 


second 






t=° 


nrc/particle 


74 


480 


30.0 


0.050 


51.2 


540.0 


0.0434 


75 


480 


50. 0 


0.058 


51.8 


890.0 


0.0718 


7: 


525 


C&.O 


0.0755 


«-> < 


495.0 


0.0514 


77 


400 


75.0 


0.056 


77.5 


2160.0 


0.1075 


73 


^70 


18. S 


0.015 


19.2 


1280.0 


0.1G48 


79 


465 


114.0 


0.052 


113.0 


2170.0 


0.1568 


50 


450 


114.0 


0.048 


113.0 


2360.0 


0.1558 


21 


465 




0.052 


154.0 


2960.0 


0.216 


52 


495 


73.5 


0.0617 


74.5 

■ at • %S 


"•210.0 


0.1025 


Co 


525 


184.0 


0.0755 


190.0 


2500 0 


0 263 


04 


480 


3S.0 


0 .0508 


71.5 


1210.0 


0.0989 


65 


435 




0.0441 


24.0 


545.0 


0.0333 


06 


465 


52.0 


0.052 


55.7 


1030.0 


0.0743 


37 


495 


75.0 


0.064 


78.5 


1220.0 


0.1038 


38 


4G5 


46.0 


0.052 


47.7 


915.0 


0.036 


89 


450 


72.5 


0.048 


75.0 


1550.0 


0.104 


90 


465 


114.0 


0.052 


118.0 


2270.0 


0.153 


91 


400 


32.4 


0.036 


35.5 


925.0 


0.0454 


92 


595 


31,2 


0.C327 


32.3 


1000.0 


0.0448 


92 


430 


38.6 


0.0384 


40.0 


1040.0 


0.0554 


94 


510 


66.0 


0.070 


68.5 


980.0 


0.095 


95 


400 


11.5 


0.036 


11.7 


325.0 


0.0152 


•J6 


465 


160.0 


0.052 


156.0 


3180.0 


0.231 


^7 


425 


48.0 


0.043 


49. G 


1150.0 


0.0688 


98 


465 


150.0 


0.052 


155.0 


2600.0 


0.1875 


99 


465 


51.0 


0.052 


bo. o 


1220.0 


0.0875 


100 


465 


157.0 


0.052 


142.0 


2730.0 


0.197 


101 


300 


47.0 


0.0143 


48.7 


3310.0 


0.0675 


102 


480 


173.0 


0.057 


179.0 


3150.0 


0.248 


103 


4>;o 


55.0 


0.039 


57.0 


1460.0 


0.08 


104 


335 


oci . 8 


0.0323 


25, 6 


725.0 


0.0328 


105 


560 


30.6 


0.0243 


31.8 


1310.0 


0.0441 


106 


345 


27.8 


0.0218 


27.9 


1320.0 


0.0386 


107 


360 


20.8 


0.0244 


21.6 


885.0 


0.030 


10 B 




44.5 


0.0218 


46.2 


2110.0 


0.064 


109 


450 


61.0 


0.0483 


63.2 


1310.0 


0.0875 


130 


420 


8c . 5 


0.0384 


88.5 


2300.0 


0.125 


111 


465 


57.0 


0.0523 


59.0 


1130.0 


0.082 


112 


'195 


84.5 


0.065 


87.0 


1340.0 


0.121 


]]" 


435 


20.0 


0.0403 


20.5 


510.0 


0.0284 


J j 4 


480 


85.0 


0.058 


08.0 


1510.0 


0.122 




300 


32.0 


0.0143 


33.2 


2320.0 


0.046 
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Ta3IE 2.5 (Cont.) 









taunts 










Wo 


Size In 
Microns* 


Per 

Second 


Size In 


DC X 

10" 5 


mc x 10" 5 


to 0r.e K CUr 
nc/pa. ..lcl© 


116 


2 am 


570.0 


8.00 


580.0 


74.0 


0.804 ^ 


117 


W " " '* *^ Uw 


43 0 


20.00 


44.0 


2-0 




118 


27C x 150 


41 0 


0 061 


TO • w 


690 0 


A A C{> 


119 


r? mm t T 7fn 


120 0 


6 70 


12*? 0 


1« 4. 


U. If 








0 07fiS 




"7QA A 


A *7 o 


JuZ± 


ma. 
ofo 


1U0.U 


U,U<>OC 




76CA A 


O.lol 




1 CA — A KA 




A AC»C 


Oc A 


T >» OA A 


0. iol 


123 


750 X 500 


l'J.7 


A 1 4C 

0.145 


1 1 A 

11.0 


nc A 

76.0 


0.0152 


124 


750 x 300 


83.0 


0.C58 


85.0 


1250.0 


0.117 


225 


2 nun x 450 


240.0 


0.405 


24e,0 


515.0 


0.C44 


326 


600 x 275 


10.0 


0.0455 


11.0 


242.0 


0.0152 


227 


300 x 450 


23.0 


0.045 


24.0 


510.0 


0.0322 


128 


3 x 300(0) 
155 / 
(180 x 75) 


105.0 


0.042 


109.0* 


2600.0 


0.151 


129 


5. 5 


0.0053 


5.6 


260.0 


C.C05 


ISO 


G60 x 480 


405.0 


0.0149 


409.0 


2740.0 


0.566 


131 


525(0) x 
165 


188.0 


0.098 


190.0 


1970.0 


0.254 


132 


330 x 105 


58.0 


0.02 


60.0 


5000.0 


0.083 


133 


480 x 150 


94.0 


0.12 


96.0 


800.0 


0.135 


134 


105 


5.5 


0.0055 


5.6 


1000.0 


0.0076 


135 


600 x 185 


236.0 


0.143 


240.0 


1560.0 


0.552 


136 


700 


482.0 


0.18 


485.0 


2700.0 


0.674 


137 


1.5 an x 400 


300.0 


0.24 


310.0 


1290.0 


0.450 


138 


600 x 300 


3.0 


0.054 


3.1 


575.0 


0.0043 



* Two types of particles are included in this list. Those with only 
one value shown are spherical glass "beads. The remaining par'.!c>e 
shoving tv/o dimensions are irregular. 

*♦ The size of the spheres was calculated by 4/3T R 3 . The size o: 

irregularly shaped particles was found by multiplying the lor. 0 - '-x'.i 
by the short axis squared. The latter was considered to bo ft 
ficiently close approximation. 

*•* The first 69 were read on 23 November - H plus 109 hours. C.e v.-.J- 
ue here for interpolation was 104,000/1550 x mc. The next 65 */<-."• 
measured at 1930 on 27 November - H plus 180 hours. Tlio fftCtar 
uiied was 104,000/750 x 138.6 x mc. 



- 16 - 



PROJECT 2.5«-3 



IABLS 2.6 



Activity Data for Underground Shot I-articlee * 









Jou.r.tc 








1 




i>i::o In 


Per 


oir.o in 


r.c x 




to 0r.<! Hi-':r 


i 'Jo. 


Microns** 


Second 


an' 0 *** 


10" '•-""»• 


♦ 


ac/.,i.rticOo 




.1 


675 x 375 


212 


0 . 095 


90 


950 




0.055 


2 


525 x 1100 


282 


■ "1 "7 
w . O 


220 


400 


0.072 


3 


540 x 375 


123 


0.076 


56 


750 


0.0342 


4 


900 x GOO 


127 


0.081 


54 


655 


0.033 


5 


1050 x 300 


475 


0.095 


200 


1900 


0.122 


6 


535 x 660 


244 


0 . 190 


ioe 


560 


0.0656 


7 


790 x 375 


192 


0.111 


82.5 


750 


0.0504 


8 


750 x 330 


254 


0.081 


103 


1260 


6.0625 


9 


375 x 480 


625 


0.068 


266 


3300 


0.1625 


10 


800 x 540 


245 


0.233 


104 


445 


0.0635 


11 


1150 x 390 


171 


0.175 


72.5 


425 


0.0442 


12 


1100 x 375 


175 


0.155 


74 


475 


0.0452 


13 


750 x 240 


215 


0.043 


85 


1970 


o.osr.B 


14 


225 x 300 


85.5 


0.0155 


36 


2320 


0.022 


15 


700 x 9 BO 


44-5 


0.274 


188 


685 


0.115 


16 


900 x 480 


1080 


0.208 


450 


2160 


0.274 


17 


750 x 500 


195 


0.187 


82.5 


440 


0.0503 


18 


750 x 525 


176 


0.208 


74.5 


360 


0.0454 


19 


500 x 675 


510 


0.167 


212 


1260 


0.129 


20 


675 x 2200 


625 


0.545 


265 


• 4 p .5 


0.1615 


21 


ZOO x 750 


435 


0.0675 


185 


2740 


0.113 


22 


525 x 525 


310 


0.145 


131 


900 


0.08 


23 


225 X 255 


33 


0.0114 


14 


1220 


0.0085 


24 


300 x 255 


30 


0.0153 


12.6 


820 


0.007 


25 


150 x 525 


73 


0.0118 


30.8 


2600 


0.0188 


26 


450 x 450 


57.6 


0.091 


24.2 


267 


0.0148 


27 


185 x 300 


14.2 


0.0103 


6 


580 


0.0036 


28 


275 x 225 


47.2 


0.014 


20 


1430 


0,0122 


29 


275 x 450 


92 


0.031 


38.8 


1250 


0.0237 


30 


210 x 345 


8 


0.015 


3.36 


245 


0.002 


31 


270 x 270 


29 


0.0197 


12.5 


620 


0.0076 


32 


540 x 540 


7.2 


0.157 


3.04 


194 


0.0018 


33 


525 x 600 


1.7 


0.145 


0.72 


5 


0.0004 
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Sire In 




3i?.e In 


;.-.c x 


nc x^lO 5 


to Olio H,';r 


Ho. 


Klcrons** 


Second 


rET 1 "*** 


10~ 



* 71?^" 


■ -.o/^rtijjj 

™ ™ w 


34 


■300 x C00 


9.7 
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1 1.7 


C . j025 


.' 5 


Of J X / O 


<-> - « 
<■> j. . i 


'J . 0.->20 


f 1 

*s » C 
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0. : o:,6 


i ij 




1 A A 


J. ,CO 


<t.45 


... .6 


'.-' . 0^27 


of 


OJvJ ^ «j/0 


70 ■> 

or- 


A 'JO 

J .28 


"'6.2 


58 


0.0-rJfi 


Oo 




1 A 






ij6 




oy 


Ct\j^j X XOU 


. a 




•V 7 

r . /^j 




0 . j j'.y 




J. JO X &CiO 


C"J .c. 




ft 


J U J 


O.w^o2 






. 0 


A. I'I) 


J o 


T A O 

108 


0.0J1 


'■.it 


i yU X ^uu 


Oo 






loo 


'J , 0 1 5 


43 


AAA v AHA 




A ~}OA 




lo f 


0.0097 


<i-<i 


4 OU X o 


VA A 


u . iy 


51 




0 . 031 


fiO 


£AA r,'jc 
oUU X OcO 


1 J. O 


'i T ' ft 

0. 1>j5 


8.o 


50.5 


0.005 


46 


o*;o x oou 


loo 


'J.Jo/ 


57 


850 


0. 055 


'si 


02o X o'JU 


2J« 


0. x^4 


88 


700 


'J. 954 


48 


480 x 525 


97 


u . 120 


41 


532 


u . 025 


49 


575 x 360 


28 


0 . 05 


11.8 


2.'0 


0.0 '.-7 


50 


330 x 500 


co. 4 


0.03 


10.7 


358 


0.0X5 


51 


750 x 550 


110 


0.226 


4-o . 6 


204 


0.02 a 


52 


325 x 225 


150 


0.0115 


6 3. 5 


5560 


0.039 


53 


510 x 375 


34 


0.071 


14.4 


Pi04 


0.009 


54 


550 400 


54 


0.087 


22.8 


262 


0.014 


55 


450 300 


120 


0.04 


50.6 


1260 


0.031 


56 


300 x 600 


30 


0.288 


32.7 


44.5 


0.0077 


57 


525 x 500 


35 


0.132 


14.8 


112 


0.009 


50 


1125 x 000 


12.5 


0.92 


5.3 


5.7 


0.003 


59 


450 x 390 


120 


0.0G85 


50.7 


742 


0.031 


60 


825 x 450 


140 


0.167 


59. o 


555 


0.036 


CI 


750 x 575 


100 


0.105 


42.3 


400 


0.026 


62 


600 x 600 


2.9 


0.216 




0.5 


0.00007 


S3 


600 x 525 


100 


0.195 


42 


215 


0.0256 


64 


570 x 375 


39 


0.080 


16.5 


206 


0.01 


65 


750 x 400 


50 


0.12 


21.1 


176 


0.0129 


66 


480 x 800 


3 


0.185 


0.108 


0.7 


0.00008 


67 


330 x 375 


83 


0.041 


35 


850 


0.0214 


68 


375 x 375 


108 


0.053 


45.5 


840 


0.0275 


69 


540 x 665 


800 


0.175 


338 


1930 


0.206 


70 


300 x 450 


3 


0.045 


0.137 


2.8 


0.00007 


71 


800 x 675 


3 


0.362 


0.227 


0.35 


0.00007 


72 


1300 x 450 


84 


0.264 


35.4 


134 


0.022 
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TAB Li 2.6 (Cont.) 



Iio. 


Size In 
P.'icrons** 


Count, s 

Per 
Second 


Size In 

BBi;3 * * 


mc x 
10-5*-*** 


mc x 10" 3 

rav 


Extrapolated 
to Cue Hour 

/ A. • "1 

mc/oarticle 
' * ***-:♦* 


73 


630 x 300 


140.0 


0.057 


59.00 


1U.JU.UU 


U. U J3 


74 


510 x 150 


14.0 


0.0115 


5.90 




o OTP A 


75 


180 x 225 


7.6 


0.0073 


3.20 


4JO.UU 


.*> nni o 

O . UUJ- / 


76 


180 x 375 


71.0 


0.012 


30.40 


04.UU 




77 


av. 150 


9.0 


0.0034 


• 3.o0 




u . uu<:j 


78 


150 x 540 


80.0 


0.012 


33.80 


2o2.00 


U.U/iUO 


79 


235 x 180 


10.5 


0.0076 


4./ 5 


585.00 


0.UU2 r 


CO 


375 x 210 


50. 0 


0.0167 


21.20 


1270.00 


0.0x29 


SI 


225 x 330 


3.8 


0.0167 


1.60 


95.00 


0.0097 


S2 


120 x 150 


39.0 


0.0041 


16.50 


4000.00 


0.01 


S3 


Z.50 x 750 


218.0 


0.152 


92.00 


605.00 


0.056 


84 


525 x 820 


236.0 


0.226 


121.00 


535.00 


0.074 


85 


450 x 725 


63.0 


0.142 


26.60 


136.00 


0.016 


36 


525 x 525 


2.0 


0.145 


0.85 


0.57 


0.0005 


87 


450 x 750 


226.0 


0.152 


96.00 


630.00 


0.058 




950 x 600 


7.1 


0.332 


2.96 


9. CO 


0.0018 


89 


1050 x 750 


224.0 


0.590 


95.00 


160.00 


0.058 


90 


625 x 225 


76.0 


0.316 


32.20 


102.00 


0.0196 


91 


525 x 525 


48.0 


0.145 


20.20 


139.00 


0.0123 


92 


600 x 750 


490.0 


0.270 


208.00 


770.00 


0.127 


93 


400 x 225 


55.0 


0.203 


23.20 


114.00 


o.ou 


94. 


800 x 345 


508.0 


0.095 


216.00 


2260.00 


0.132 


95 


325 x 495 


42.0 


0.052 


17.80 


342.00 


0.0108 



* All readings were made beginning at 1500 hours on 2 December, 
which was H plus 75. 



** The size was measured on the longest axis and an average of 
shortest. The particles were very irregular. 

The size in cubic millimeters was found by assuming that the par- 
ticle was somewhat rectangular and thus the long axis was multi- 
plied by the square of short axis. 

*•**•* The geometry of the counter was such that counts per sec x 5.13 X 
10-5 ' = mc x 10-5. 12.1 

***** The data used to extrapolate to one hour was furnished by Dr. C.L. 
1,'axwell and is shown elsewhere in thi3 report. The factor is 
500,000/8200 - 61. Then 61 x mo = valuo at one hour. 
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CHAPTER 3 
STATISTICAL STUDY 



3.1 INTRODUCTION 

In order to assess the trend in activity variation with particle 
size the data collected on the size and activity of the individual par. 
tides (Tables 2.5 and 2.6) was presented to the statistician at the 
Amy Medical Service Graduate School. The procedure and results of 
this examination are presented in the following paragraphs. 



TAB IE 3.1 



Wean Activity versus Particle Volume, Spherical Farticlcs* 







Number 










Volume 


Contributing 


I.;ean • 






Interval 


Measurements 


Activity 


Range 


Cubic mm 




Curies 


v. 10-8 


Curies 


x 10-8 






Keen 


Standard 


Low 


High 








Error 






0-0.01 


0 










0.01-0.02 


3 


48.6 


15.3 


12.4 


74.5 


0.02-0.03 


6 


89.9 


2A.7 


17.1 


137.0 


0.03-0.04- 


4 


95.0 


13.6 


49.0 


116.0 


0.04-0.05 


9 


160.1 


36.5 


20.2 


415.0 


0.05-0.06 


7 


136.9 


23.8 


74.5 


259.0 


0.06-0.C7 


5 


200.6 


39.7 


116.0 


362.0 


0.07-0. OS 


2 


139.6 


37.9 


86.3 


193.0 


0.03-0.09 


3 


227.9 


73.2 


48.8 


320.0 


0.09-0.10 


0 


■ii — 








0.10 or 


3 


245.2 


52.5 


43,5 


540.0 


Larger 













* Coe Fifurc 3.1 for graphical representation 
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3.2 SP HERICAL PARTICLES. 

The data analyzed consisted of the diameter and the measured 
radiation, in curias, originating fron a number of spherical particles 
collected from the surface detoriation. The measure of size of the par- 
ticle was arbitrarily chosen as volume which was calculated directly 
from the data. Two groups of spherical particles, grouped by the day 
on which the activity measurements were made, were studied. The vol- 
ume range of the particles was chiefly below 0.10 cubic millimeters 
and an arbitrary class interval of 0.01 cubic millimeters, starting 
from the base of zero volume, was set up. All particles larger than 
0.10 cubic millimeters were placed in a single class. The mean, stan- 
dard error and the rang9 were calculated from the frequency distribu- 
tions for each interval and are presented in Tables 3.1 and 3.2. The 
correlation coefficients and regression lines basad on the data were 
also investigated. (See Figures 3.1 and 3.2). 



TABLE 3.2 



F.ean Activity versus Particle Volume, Spherical Particles* 







Number 










Volume 


Contributing 


Mean 






Interval 


Measurements 


Activity 


Range 


Cubic mm 




Curies x 10" 8 


Curies 


x 10- 8 






Mean 


Standard 


Low 


High 








Error 






0-0.01 


0 




■i ii i 


• 




0.01-0.02 


3 


33.7 


7.0 


19.2 


48.7 


0.02-0.03 


4 


31.9 


4.5 


21.6 


46.2 


0.03-0.04. 


8 


4-5.5 


8.8 


11.7 


88.5 


0.04.-0.05 


6 


57.5 


12.9 


20.5 


113.0 


0.05-0.06 


15 


98.2 


12.1 


31.2 


179.0 


0.06-0.07 


4 


73.9 


5.8 


55.8 


87.0 


0.07-0.08 


6 


97.4 


21.4 


37.2 


190.0 


0.08-0.09 


0 










0.09-0.10 


0 










0.10 or 


0 










larger 













* ->f.o Figure 3.,: for graphical representation 
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0 



1— : — i_ .j i i i. . . _i ..j . j 

I 23456789 10 
VOLUME 

Fig. 3.1 1,'ean Activity Versus Parti'. Ac >,'.->lu:rfj 
(23 November Activity) 



— MEASURED 

- REGRESSION LINE 

NO. OF MEASUREMENTS 
CONTRIBUTING TO EACH 
MEAN SHOWN BY FIGURES 




/ 6 

VOLUME - RADIATION 
CORRELATION COEFFICIENT + 0.50 



I 23456789 10 
VOLUME 

Fig. 3.2 Kean Activity Versus Particle Volume 
(27 November Activity) 



- ?2 - 



PROJECT 2.5a-3 



In general, the intensity of radiation v;as shown to vary directly 
with the volume of the particle, since the volume-radiatior: correla- 
tion coefficients in both groups of spherical particles were signifi- 
cantly greater than zero. There was considerable random fluctuation 
in the quantity radiation per unit volume within the range of volumes 
studied, and no significant trend of that quantity wa3 demonstrable. 

5.3 IRR2GULAR PARTICIES 

A number of irregular particles were also analyzed on the sar.c 
lines of inquiry using a prolate spheroid to express the volume sir.ee 
the length and width of the particles were the only dimensions record- 
ed. The results gave an indication of a volume -radiation correlation 
similar to that observed with the spherical particles but the varia- 
tion encountered was very wide and there was some doubt whether the 
group represented a random sample. 
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CHAPTER 4 



DISCUSSION AND CONCLUSIONS 



4.1 DISCUSSION 

It is not, nor has it ever been, the contention of the author that 
all fall-out particles are large. However, it has been definitely pro- 
ven that a large quantity of activity ray be found in large particles 
in areas removed from the immediate zero point in a terrain similar to 
the one in Nevada and under wind conditions which prevailed at the 
time of the shots. Some of the activity may be due to small airborne 
particles nhich may be a health hazard when inhaled. This does not 
mean that there is no health hazard in the large particles because, as 
indicated from the data, many of these individual particles have as 
much as 0.1 to 0.2 millicuries at the end of one hour after the shot 
has occurred. The hazard would then be that of external radiation and 
not inhalation. Inasmuch as the particles isolated were within a ra- 
dius of fourteen miles, with the majority between five and ten miles 
away from zero' point, the activity on the- ground in the general vi- 
cinity mentioned would be due to the large particles and not to the 
smaller ones. At distances greater than this, namely 20 to 50 miles, 
no statement can be made. It would appear, however, that with larger 
bombs and higher winds, particles of 50 microns could be carried to 
this distance and fall out within a period of two hours. It is not 
believed that these large particles are carried much beyond this 
point, although this is strictly the author's own viewpoint. 

It is of interest to cite two instances which serve to substan- 
tiate the finding that a great amount of the activity in nearby fall- 
out areas is due to particles large enough to lend themselves to this 
method of separation. The first instance was a boot worn by a man 
who went into the area 14 miles from zero point and which upon his 
return to the laboratory was found to be highly contaminated. By sur- 
veying the boot with the No. 263 Field Survey Instrument the majority 
of the activity was found to be on the sole. A pen knife was used to 
take the adhering material off the sole and it was noted that the ac- 
tivity went with the removed soil. Three particles were isolated and 
more than 80 percent o£ the activity was carried in these three par- 
ticles. 

The second item of interest was a water can which had been in the 
field approximately three miles from ground zero for the surface shot 
of J ANGLE. Thi3 can had become moistened in some way prior to shot 
time, and dirt had adhered to it. It was brought to the laboratory 
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and approximately 10 rvano of dirt -.vare scraped off. This dirt v;as 
found to contain a considerable amount of activity. The 10 ^rr-.r.^ v:ere 
dividec in half and very carefully studied by the technique mentioned 
rbove. Thirty-eight particles were isolated fron or.e 5 cram portion 
and placed in a container. The !!o. 2.63 G. !>-. Instrument :;ith the beta 
v.lr.dov open v:as placed approrirc?tely 2 inches above the sample. A 
r;.adin^- of 19 nr. per hour <;:as obtained. The remainder of the soil 
fror the srruc portion contained 0.3 nr. per hear. Thus it can be. seen 
that about 90 percent of the activity -.70s carried on these thirty-eight 
--rtiolen. All of their. v.»n: greater than 150 microns in diameter and 
none s greater than 4.00 microns. Twenty- tro of the largest particles 
carried 35 percent of the above mentioned activity, while the remaining 
sircteen particles contained the remaining 15 percent. 

/,.2 Ool IOi-iU31 CI . S 

It hna been shovm with this method of sample collecting of fall- 
out peptides due to an atomic detonation that: 

(1) Particles of 300 to 700 microns in size nay be found as far 
f.3 14 miles doTmv;ind from zero point. 

(2) There does not appear to be any selectivity of specific radio- 
active isotopes on large particles of the size range reported. 

(3) There seems to be at least a trend, from statistical analysis, 
that the larger particles carry a larger amount of activity. 

(4) Specifically for the surface shot, a very large fraction of 
the total fall-out activity is carried by particles above 100 microns 
out to distances of 10 miles dorm-wind. 

(5) Significant differences of the physical properties of par- 
ticles 7/ere found for the surface and underground shots. Fused spher- 
ical particles were found in considerable number only after the surface 
shot . 
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PKSFACS 



The work reported herein was undertaken at the request of 
the Division of Biology and Medicine of the Atomic Energy Comaission, 
Questions were raised regarding the possible agricultural hazard of 
fall-out material from surface and underground explosions of atomic 
weapons. It was decided that a study would be made of the sites of 
the surface and underground shots and of fall-out material at various 
distances from the sites. Collection of the material for study of 
the sites was made by I. T. Alexander. Dr. Andrews agreed to arrange 
for collection of the fall-out material. Major John d* H. Hord made 
these collections and arranged for shipment of the material to Wash- 
ington. Dr. N. 3. Tolbert of the Division of Biology and Medicine, 
Atomic Energy Commission, contributed very greatly to the planning 
and execution of the project. 
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AJ9STBACT 



A study was made of the chemical and physical corrpooition 
of tha sites of the surface and underground shots of JA.\ T GL3 opera- 
tion -prior to test date. Subsequent to the tests, collections of 
fall- out material were mad.?. Some physical characterizations! have 
"been made of these fall-out materials. Measurement of radioactiv- 
ity indicates that the fall-out within a four mile distance from 
zero had an activity of about 10 curies per ton. The fall-out at 
one-half mile north was more than 1,000 tons per square mile while 
€3 tons fall at four miles northeast, fall-out at four miles north- 
east was somewhat more radioactive per ton than at one-half mile 
north, Gradation of the material was dependent on distance from 
zero. Preliminary studies of the uptake of radioactivity froia fall- 
out raterlal mixed with different soils indicate a very high uptake 
of a oeta emitting element of approximately 50 days half -life. The 
element is thought to "be strontium 89. The amount taken up from a 
soil low in calcium is of a magnitude that might constitute a haz- 
ard t j agriculture. 
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CHAPTI2 1 



CO ILEJTIGN Of SAMPLES 



1.1 PflE-TE ST 

Soil aa-Tiplea were collected 1? and 18 September 1951 at JANGLE 
underground site, JANGLE surface site, and to a limited extent at 
BUSTER tower ahot site. Except for the snail fraction used in the 
analyses, these two to four pound samples are held at the Beltsville 
Laboratory of the Division of Soil Management and Irrigation Agri- 
culture. Additional teste can "be made on the whole soil or on any 
fraction of it if this seens desirable. 



1.3 POST TEST 

Post test fall-out sample collections were made at E plus 72 
hours for the JANGLE surface shot and at H plus 48 hours for the 
JANGLE underground shot. The 3/8 inches of rain that occurred "be- 
tween the time of the surface shot and the sample collection made 
collection difficult and caused loss of some Bample from the 52- 
inch x 70-inch suspended oil cloths. Decantation of the water in 
24-inch diameter tubs used for collecting close-in samples caused 
some loss of the finer fraction of these samples. No water was en- 
countered in collection of fall-out material from the underground 
shot except for the Btation 8 miles northeast of ahot site. Collec- 
tion of fall-out material from the underground shot is considered 
satisfactory except for the possibility that wind action may have 
removed fall-out from some collection oil cloths. 



1.3 SITS FIELD DATA 

location of exact sampling positions and comments on the loca- 
tions are given in the following paragraphs. 

1.3.1 JANG US Underground Shot Site 

The samples through 10 feet in depth were taken in a pit 
150 feet north of exact zero. Depths from 10 feet through 16 feet 
were from an excavation 350 feet east and a bit north of exact zero. 
The sample at 22 feet was taken at exact zero. This location Is In 
an area of alternating Layers of sandy and gravelly material that 
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has been formed by outwash from the surrounding mountains or hiHg as 
alluvial fans. The site is relatively coarBe textured as compared to 
most inhabited and agricultural regions. The amount of material that 
is fine enough to remain in suepenelon in the atciosphere for any long 
period of tine without comminution is a small fraction of the total. 
There are no very hard panp or cemented layers at this site to the 
depth examined. Cementing material where present is calcium carbon- 
ate. 

1.3.2 JAJJ^L? Surface Shot Site 

At this site samples were obtained from a small pit dug 
100 feet west and a few feet south of exact zero and from rotary dril- 
ling at Station V which, is 642 feet south of exact zero. This site 
is similar, as regerds mode of formation, to the surface shot site 
but is more uniform in particle size distribution. The most striking 
difference between this oJte and the underground site is the presence 
here of a hard calcium carbonate horizon called "caliche" extending 
from two to four feet in ciepth. The cemented materials aro similar 
to those above and below except for the cementing matrix of calcium 
carbonate. This layer is so hard that a heavy crowbar rebounds upon 
striking it. This site also had a very loose surface mulch (zero to 
i inches) of loose material with somewhat higher percentage of silt 
than the horizons beneath. Zffcrts were being made to stabilize thie 
layer at the time of sampling prior to the tests. Unstabilized it 
blows into the air very readily. 

1.3.3 BUSTKR Tower Shot Site 

The cemplos were taken in an undisturbed area 150 feet 
west of the tower. The depth from zero to 6 Inches was very loose 
and powdery. The content of silt is higher than that at the JAlT&JJi 
surface site but has lees clay. These two sites, when undisturbed 
should be quite similar with regard to ease of movement of surface 
material by air blast. All sites were dry except for a small amount 
of moisture just above the "caliche" layer at the JA1IGLE surface shot 
site. 
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CHAPTER 2 



RESULTS 



2.1 PHYSIC AL DATA ON PRE- TEST SAJ^LSS 

Methods used are recognized standard procedures for soil r.naly- 
aes. Because of the time required and expense involved all de termin- 
ations were not made on all sa.'.iples. i."here this was tho cp.ro, er.oi^h 
determinations were made to give the trend or value desired. Addi- 
tional determinations cor. be made if needed. 

2.1.1 Parti cle Size Dis tribut ion JANG 12 Und ergro und Test, pi tjt-- 

The 8am,-; les of soil material wore sieved on 2- and S-aur. 
(actually 5,6-mm square meshes) sieves for separation into fine earth, 
fine gravel, and coarse gravel. the results are tjiven in Table 2.1. 
Although there ia present considerable quantities of gravel-si par- 
ticles, the less than 2-mm fraction predominates. 

A more detailed particle-size distribution analysis of 
the fraction less than 3- run in dimeter seemed desirable fro:r. tvj 
standpoints : first it is only this fraction that can be carried ap- 
preciable distances without comminution and second, it is desirable 
that the test site material be compared in texture with soil material 
found in other places. For agricultural purposes it is the lee? than 
3-mm fraction only that is analyzed in detail. Table 2.2 gives the 
data of this analysis. 

2.1.2 Partic le Size Di stribution JANGLE Surface Test Site 

The corresponding data for the JANGLE surface shot are 
given in Tables 2.3 and 2.4. 

This site is more homogeneous thf-n the under grovjid test 
site. This is particularly true with respect to the particle 6ize 
distribution of the fine earth below a depth of two feet. The finer 
fractions, silt and clay, are somewhat higher than in case of the 
underground site. 
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IABL* 2.1 



JABGLI Underground Shot Site Size Tractions 
of Whole Material at Various Depths* 



Depth 


Diameter in Millimeters 


Less than 2 


2 to 6 


6 a*\d Up 


Feet 


Percent 


Percent 


Percent 


0-1 


82 


10 


8 


1-2 


81 


9 


10 


2-3 


84 


4 


1 

12 


3-4 


66 


21 


18 


4-5 


72 


14 


14 


5-6 


83 


7 


10 


6-7 


84 


9 


7 


8-9 


81 


5 


14 


9 - 1C 


58 


19 


23 


10 - 11 


49 


17 


34 


11-12 


82 


11 


7 


15 - 16 


47 


17 


36 


22 


73 


16 


11 



* The distribution of particle sizes reflects the layering of the 
horizons at the site. 
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TABLE 2.2 



JAJJGrLS Under ground Shot Site Size Fractions of Tine Earth 
(less than 2-mm diameter) at Various Depths 









Size Class and Diameter of 


rar c l c l e s 


(in mm , ) 


1 


ueptn 


Very 
coarse 
sand 
2-1 


Coarse 

sand, 

1-0.5 


Medium 
8 and, 
0.5-0.25 


Pine 
Band, 
0.25-01 


Very 
i ine 
sand 

AT A A K 


1 

01 J. V 

0.05- 

C\ C\C\0 


r — 

Clay 




Tl ft. M AVI 4 


Percent 


Percent 


Percent 




Pttr f a n 41 

Jr tJ* l- c u ^ 


"Pft Y* Opt", 


0-1 


6-3 


11.0 


9.2 


27.8 


23.4 


12.8 


9.5 


1 - 2 


9.2 


12.4 


9.5 


27.4 


23.4 


11.5 


6.6 


2-3 


10.3 


17.7 


13.0 


27.7 


19.0 


7.9 


4.4 


a - 4 


29.2 


37.3 


11.5 


9.4 


3.4 


5.1 


4.1 


4-5 


18.2 


29.3 


16.7 


19.6 


7.4 


4.5 


4.3 


5-6 


4.4 


11.6 


13.1 


32.4 


20.4 


12.9 


5.2 


6-7 


6.6 


16.6 


12.5 


31.0 


17.7 


11.2 


4.5 


8-9 


11.3 


22.5 


16.7 


25.7 


9.4 


6.0 


8.4 


9-10 


15.6 


26.0 


15.8 


23.4 


8.7 


4.3 


7.2 


10 - 11 


13.0 


23.1 


15.0 


24.2 


9.9 


6.9 


7.9 


11-12 


10.2 


15.4 


11.9 


26.2 


12.1 


13.9 


10.3 


15 - 16 


11.7 


21.5 


16.2 


27.2 


10.4 


7.4 


5.6 


22 


9.6 


17.0 


12.3 


28.0 


17.4 


10.7 


5.0 



* Tiie contents of clay and silt are much less than are normal in most 
inhabited regions of the world. The changes In distribution of the 
r&rious fractions again reflect the rertical heterogeneity of the 
site. 
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TABLS 2.3 



Size Inactions of Whole Material at Various Depths 
JAU&LS Surface Shot Site 





Depth 


| Diameter in Millimeters 


Lena than 2 


2 to 6 


6 and Up 




Percent 


Percent 


Percent 


0-5" 


61 


15 


24 


6 - 11" 


48 


23 


29 


11" - 2« 


78 


10 


12 


2« - 4« 


49 


20 


31 


4' 


66 


15 


19 


6» 


80 


9 


11 


8« 


83 


7 


10 


10' 


84 


8 


8 


12* 


77 


11 


12 


15' 


65 


16 


19 


20 « 


76 


15 


9 


25' 


79 


12 


9 


30' 


73 


19 


8 
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TABLE 2.4 



Size Tractions of Jin© Barth (leas than 2-ma diameter) at Various Doptho 

JANGLE Surface Shot Site 



— 






Size Class and Diameter of 


.par ex 9 8 


tin i-~ 'I 

tin n^.. ; 




JJVpmlX 


Vary 
sand 


Coarae 

sand, 

1-0.5 


Medium 
sand, 
0.5-0.25 


Pino 
sand, 
0.25-0.1 


Very 
i mo 
sand 

ATA AC 
U, X— 'J.UO 


0.05- 


1 

l 

Oloy, 

A AAA 




Percent 


Percent 


Percent 


Percent 


Percent 


Percent 


Percent 


0-5" 


3.8 


4.6 


6.7 


35.8 


25,9 


17.7 


5.5 


6 - 11" 


8.4 


10.0 


11.9 


36.0 


14.6 


10.'* 


8.2 


11 - 24" 


3.1 


5.6 


9.5 


38,1 


22.0 


12.7 


9.0 


24 - 48" 


9.3 


13.9 


14.2 


30.1 


12,6 


L3.0 


7.9 , 


4' 


7.8 


13.7 


14.6 


27.4 


11.8 


14.8 


9.9 


6' 


6.3 


13.1 


14.4 


29.2 


11.7 


15.7 


9,6 


8« 


5.0 


12.6 


15.2 


34.0 


14.8 


11.9 


6.5 


10 ■ 


7.1 


13e4 


14.4 


31.6 


14,2 


12.5 


6.8 


12' 


4.7 


11.0 


15.8 


35,6 


.'.£.9 


13.8 


6.2 


15» 


9.S 


14.6 


14.3 


30.5 


12,9 


12.7 


5,5 


20 » 


8.4 


12.1 


11.7 


31.1 


12.7 


14,7 


9.3 


25* 


6.9 


12.3 


11.8 


29.1 


16.2 


15.5 


8.2 


30' 


5.2 


11.2 


12.7 


30.3 


17.6 


14.5 


8.5 
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2.1.3 Particle Si2e D istribution 3PSTER Tover Shot Site 

Tor purpose! of comparison, data are presented for two 
sample 0 from the BUSTEa tover shot site. 



TABLE 2.5 



Size Fractions of Whole Material at Two Depths 
BUSTER Tover Shot Site 



Depth 


Diameter in Millimeters 


Leas than 2 


2 to 6 


6 and Up 


Inches 

0-6 

6-18 


Percent 
73 
64 


Percent 
16 
24 


Percent 
11 
12 



TABLE 2.6 



Size Tractions of Tine Earth (less than 2-mm diameter) at Two Depths 

BUSTER Tover Shot Site 



Depth 


Size Clans end Diameter of particles (in urn.) 


Very 
coarse 
aand 
2-1 


Coarse 
sand, 

lr-0.5 


Medina 
sand, 
0.5-0.25 


Tine 
sand, 

0.25-0.1 


Very 
fine 
sand, 
0.1-0.05 


Silt, 
0.05- 
0.002 


Clay, 
<0.002 


Inches 
0-6 

I 

'6-18 

i 


Percent 
10.0 

17.0 


Percent 
10.9 

19.7 


Percent 
6.6 

11.0 


Percent 
17.5 

19.8 


Percent 
22.5 

14.1 


Percent 
26.5 

11.6 


Percent 
6.0 

6.8 



8 



PROJECT 2.8 
2.1.4 Air Blutriation Data 

The particle-aise distribution data on the leas than 2-mm 
soil material presented in Sections 2.1.1 to 2.1.3 vere obtained by 
ultimate dispersion in water by use of dispersing agents and use of 
agitation. Since the soil materials at the sites are dry and are 
blown into the air without liquid dispersion, it was thought desirable 
to know the degree of dispersion in air as the materials exist at time 
of the explosion. By means of the Boiler Air JHutriator the data shown 
in Table 2.7 were obtained. Tor comparison the ultimate dispersion 
data are given for the sane sasplee in the last column. 

IABL2 2.7 

Comparison of Dispersion in Air and in Liquid of Samples 
from Various Depths at Three Sites 



JAHG-LS and BUSTER 









Size Fractions by Air 


kiu&ria WJ.OH. 








Size 






0-50 microns 


Sample 


Depth 


.Fraction 






by complete 


Site 




Diameter 


Percent 


Cnmilative 


dispersion, in 






Microns 


Jouiid 


Percent 


liquid. 




0-6" 


0-10 


14.6 


14.6 








10-20 


2.8 


17.4 




Tower 




20-40 


17.0 


34.4 


32.5 




6 - 18" 


0-10 


11,7 


11.7 








10-20 


2.1 


13.8 








20-40 


5.3 


19.1 


18.4 




0 - It 


0-10 


16.0 


16.0 




Under- 




10-20 


1.9 


17.9 






20-40 


6.0- 


22.9 


22.3 


ground 


21 - 22« 




0-10 


9.3 


9.3 








10-20 


2.9 


12.2 








20-40 


5.9 


18.1 


15.7 




0-6" 


0-10 


11.3 


11.3 








10-20 


1.6 


12.9 




Sur- 




20-40 


7.0 


19.9 


23.2 










face 


5 - 11" 


0-10 


14.4 


14.4 








10-20 


1.0 


15.4 








20-40 


3.7 


19.1 


19.1 




11 - 24" 


0-10 


18.6 


18.6 








10-20 


1.7 


20.3 








20-40 


5.0 


25.3 


21.7 
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While an exact comparison of particle sizes is nat possible from 
the data obtained, it is seen that essentially all of the particles be- 
low 50 microns in diameter are unaggregated. This gires an explanation 
for the very dusty nature of the sites in spite of the fact that they 
are composed of relatively coarse textured materials. In most areas of 
the country the fine fractions of the soil are aggregated to a consid- 
erable extent. 



2.2 CHEMICAL DATA ON PBB-TSST SAMPLES 

Chemical data were obtained on selected samples from JA1TGLE under- 
ground and surface shot sites. Total analyses by a fusion procedure 
were made on these selected samples from each site. Calcium carbonate, 
pH, and soluble salts were determined on all samples . Additional de- 
termination can be made if needed. 

2.2.1 Total Analyses of Selected Sample* 

The chemical composition of materials in the immediate 
blast area and in the neutron cloud is important in determining the 
induced radioactivity in the fall-out material. Since the finer frac- 
tions of the soil is carried further than the coarse, it vaB decided 
to analyze the coarse and fine fractions separately. These anal/ sea 
are given in Table 2.8. 

The outstanding difference between the underground and 
surf ac? <jhot sites is in the higher content of calcium in the latter. 
The sodium and potassium content of the coarse fraction of samples 
from the surface shot is much lower than the corresponding material 
from the underground, site. Sodium and potassium contents of the fine 
earth fraction from the two sites are essentially the sane. The 
large ignition losses on samples from the surface shot site reflect 
loss of carbon dioxide from calcium carbonate. Low values for iron, 
Si02 e * c » r esult from dilution by the large amount of calcium carbon- 
ate. 
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2.3 AMOUNT ASP CHARACTERISTICS OP J ALL- OUT 

Although the fall-out materials are quite radioactive, 'some deter- 
minations have been made. More detailed examinations will be made as 
time and radiation levels permit. Enough determinations have been made 
to indicate the possible hazard of the fall-out material to agricultur- 
al and residential areas near the site of an explosion of the under- 
ground type. 

2.3.1 Pall-out From Surface . Shot 

Between the time of placing of the tubs and cloth3 and. the 
tine of the shot, some tubs were 3tolen. This made sose predetermined 
stations missing for this shot and limited the number of collections 
for the underground test. Table 2.10 gives the weights of fall-out 
material. 



TABLE 2.10 
Surface Shot Fall-out Material 





Location 


Eeceptacle 


Grams/ sq ft 


Pounds/acre 


Tone/ aq mi 


1 Mi S 


Tub 


0.430 


41,3 


13.2 


1/2 Mi S 


Tab 


0.366 


35.1 


11.2 


1/2 Mi V 


Tub 


3.06 


294. 


94.0 


1 Mi N 


Tab 


1.80 


173. 


55.3 


1 Hi H 


Cloth 


0.016 






2 Mi 5 


Tab 


5.14 


494. 


158.0 


2 Mi 5 


Cloth 


0.022 






4 Mi XT 


Tab 


0.923 


88.6 


28.4 


4 Mi N 


Cloth 


0.530 






6 Mi 5 


Cloth 


0.258 






10 Mi H 


Cloth 


0.004 
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As mentioned previously the rain that fell subsequent to the test 
greatly interfered with sample collections. Amounts found can only be 
regarded ao minimal values. It is net known how much sample material 
was lost in run off from the cloths nor how much radioactivity was 
dissolved in the water decanted. 

2.3.2 Jail-out from Underground Shot . 

Conditions were more favorable for collection of fall-out 
material from the underground test. There van no precipitation ex- 
cept for the 8-mile northeaot station where a small amount waB col- 
lected on the ol] cloth. The data are given in Table 2.11. 



TABUS 2.11 
Underground Shot ^all-out Material 



Location 


Baceptacle 


Grams/ aq ft 


r - - 

Pounds/aore 


Tons/ sq 


1 Ml 2 


Tub 


U.003 


0.3 


0.1 


1/2 Mi 1 


Tub 


0.579 


55.6 


17.8 


1/2 Ml V 


Tub 


1.15 


110.4 


35.3 


1 Mi W 


Tub 


0.19 


18.2 


6.8 


2 Mi V 


Oloth 


None 


None 


Hone 


1/2 Mi S 


Tub 


37.50 


3601. 


1152. 


1 Hi S 


Tub 


23.52 


2259. 


733. 


2 Mi V 


Cloth 


2.88 


277. 


88.5 


4 Mi IT 


Cloth 


0.015 


1.4 


0.5 


4 Ml HB 


Cloth 


2.04 


196. 


62.7 


8 Hi m 


Cloth 


0.24 


23.0 


7.4 
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The fall-out pattern fit a well with the observed alight shift of 
the cloud to the we6t and then the movement to the eant of north. Hie 
largest amount of material collected was the 37.5 grams per Bquara foot 
at one-half mile north of zero. The very low value found at fo-ir miles 
north seems open to question in view oi the relatively large quantity 
found at four miles northoast. It seaaia probable that this sample may 
have been partially lost by wind action. It in doubtful that the suo~ 
pended cloth la a satisfactory means of collecting fall-out under con- 
ditions of the teat. 

2.3.3 Partic le S ize Distribution of, Fal lout 

A dry-sieve analysis was mado of the four largest panplen 
of fall-out material fron the underground toet. The results are shown 
in Table 3.12. 



TABLS 2.12 



Particle Size Distribution of Fall-out Material from 
Four Stations - JAJSG-13 Underground Shot 





Size Class and Diameter of Particles (in 


mm) 


Distance 
From 
Zero 


Very 
coarse 
sand 
2-1 


Coarse 
sand 
1-0.5 


Medium 
sand 
0.5-0.25 


Fine 
sand 
0.25-0.1 


Very 
fine 
sand 
0.1-0.05 


Silt A 
Clay 
<0.05 




Percent 


Percent 


Percent 


Percent 


Percent 


Percent 


1/2 Mi K 


5 


44 


26 


6 


11 


8 


1 Mi S 


0 


3 


2b 


51 


11 


12 


2 Mi N 


0 


0 


1 


44 


45 


10 


4 Mi IHD 


0 


0 


0 


38 


60 


2 



The fall-out material is rather nicely sized according to distance 
from the eero point. .4 more precise evaluation of the particle site 
distribution of these materials will be mado when they can be more 
easily handled. This will be done by suspension in water. The clay 
fraction lees than 2 microns in Mameter will also bo determined. 
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2.3.4 Badloactlvity of Tall-out Material from Underground Sho t 

Because most of the radioactivity la the fall-out mater- 
ial was concentrated in fused coatings on occasional mineral grains it 
was considered neceBaary to hare samples of about 0.1 gram or larger 
in order for them to be representative. Three samploB each wore 
weighed from the fall-out from ono-half mile north and from four miles 
northeast on 12 December 1951. At this time the activity was so groat 
that these samples could only be counted with equipment available 
through 276 mg/crn^ aluminum filters. Under these conditions samples 
ranging from 0.0985 gram to 0.3599 gram gave countB per gram ranging 
from 20.3 to 21.7 for the fall-out from one-half mile north and from 
P.2.4 to 24.4 for material from four Dalles northeast. Under conditions 
of the measurements beta radiation of 0.6 Mev or less would be lost. 

In ordor to count the samples with no filter and with a 
rang* of filters, the counting geometry shown in Figure 2.1 was used. 
In this Assembly a Ba D + I standard (SBS 500 disintegrations per sec- 
ond) gave a corrected rate of 0.58 counts per second. Thlb setup was 
used to obtain the half-life data shown in Figure 2.2. 

On 21 February 1952 samples from four miles northeast and 
from one-half miJe north were counted in a hemispherical, 2"V ,^-;.-.otry, 
proportioned flow counter. The data in disintegrations per soco.n/. per 
gra.n of material corrected for decay to D + 28 days are given in Table 
2.13 along with data obtained by use of the setup shown in Figure 2.1. 



TABUS 2.13 



Badioactivity of Fall-out Material 



Sample 


Xnd Window Counter 


Proportional Counter 


1/2 mile north 
4 miles northeast 


320,000 d/s/g 
432,000 d/s/g 


423,000 d/s/g 
530,000 d/s/g 



Disintegrations on the order of 4.3 x lO 5 corresponds to 11 curies per 
ton of fall-out material. The, radioaotivity of the fall-out material 
from four miles northeast was found to b« five percent soluble in water 
in 18 hours. A solution of rare earth salts in 1 N HOI dissolved 26 
percent of the activity under similar conditions. 
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fig. 2.1 Geometry of thd Window Counting Tuba and Load Shield 
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2.3.5 Uptake of Badioactivity by Plant b 

- Tall-out material from four miles northeast vas mixed with 
Eveaboro sandy- loam toil from Prince Georges County, Maryland and with 
Chester loam from Montgomery County, Maryland for studies on the uptake 
of radioactivity by barley plants. Tall-out material vas mixed with 
2700 grams of soil in a pot of 6 inches diameter on 3 January 1952. 
The barley plants vere harvested on 28 January folloving germination 
and growth in a light chamber. The plants vere ashed and counted in a 
proportional counter on 21 Tebruary 1952. The data are shown in Table 
2.14. 

TABLE 2.14 



Uptake of Actirity by Barley Seedlings from Tall-out Material 
Tour Miles Hortheast - JANGLE Underground Shot 





Soil 


Grams Tall- 
out per Pot 


Dry Weight (l) 
of Plants 
Grams 


Ash 

Veight 
Grams 


Disintegrations (2) 
per sec/gm ash 


Evesboro 


7.5 


2.22 


0.25 


7750 


Eresboro 


0.75 


2.47 


0.29 


1150 


Chester 


7.5 


3.78 


0.44 


270 


Chester 


0.75 


3.82 


0.46 


45 



(1) Barley planted 3 January 1952, harvested 28 January 1952. Veight 
of soil 2700 grams. Pot diameter, 6 inches. 

(2) Counted in Unclear Measurements Corporation proportional counter 
21 Tebruary 1952. Corrected to 1 Tebruary 1952. 

The characteristics of the plant ash indicate that the activity 
is almost wholly due to strontium 89 with a half-life of about 50 days. 
Mass absorption of the plant ash is given in Table 2.15. 

This table also gives some half-life measurements on the plant 
ash. These latter data are plotted in Tigure 2.3. 
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Plant Aeh from Eresboro Soil with 0.75 gram Tall-out Material 
•Mans Absorption (counted through 2.8 mg/cm 2 end window tube) 





Aluminum 

Filter (mg/ca 2 ) 


cps 


0.0 


20.95 


13.0 


19.10 


27.5 


17.55 


38. 3 


16.13 


77.8 


12.13 


87.3 


10.92 


131. 


7.94 


170. 


5.48 


219. 


3.59 


276. 


2.04 


359. 


0.80 



•Estimated maximum approximately 1.1-1.4 Her. 



TABU 2.16 
Half-life Measurements on Plant Ash 



Days 


• cps 


0 (2/1/52) 


45.50 


7 


41.32 


14 


36.74 


18 


35.13 


24 


32.56 


42 


25.18 



Estimated half-life 46-56 days. 
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Ihe actirity of the ash of the plants represents a sizeable per- 
centage of the total actirity added to the soil when one considers the 
short duration of the experiment. The following tabulation shews the 
data as calculated from the actirity of the ash and that of the added 
material. 

IABUE 2.1? 



Uptake of Actirity from Jail-out Material hy Barley Seedlings 





Soil and Fall-out Material Added 


Percent of Actirity 
taken up by Plants 


Bveeboro - 7.5 grams 


0.10 


Ereeboro - 0.75 gram 


0.17 


Chester - 7.6 grams 


0.006 


Chester - 0.75 gram 


0.01 



The "big difference "between uptake of the actirity from the Wo 
different soils indicates the dependence of uptake of strontium on 
the level of exchangeable calcium In the soil. The Sresboro soil is 
rery low in this element while the Chester ie a good fertile agri- 
cultural soil with relatirely high calcium status. Treatment of fall-- 
out areas with moderate to heavy applications of high calcium lime- 
stone might be an eff ectire method of reducing plant uptake of radio- 
active strontium from acid soils. On calcareous boIIb little uptake 
would be expected. A great deal of research will be required to es- 
tablish the effectiveness of such a treatment and the hazards due to 
plant uptake and subsequent ingestion of the plants by animals or 
people. 
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